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*  The  D-17B  corrputer  is  a  digital  minicomputer  that  is  used  in  the  NSQ-10  Minuteman  I 

missile  guidance  system.  This  system  has  been  made  available  for  reutilization  by  qualifying 
agencies.  Documentatior  concerning  the  procedures  to  convert  the  computer  for  general  purpose 
use  is  being  generated  by  the  Minuteman  Computer  Users’  Group.  This  report  is  addressed  toward 
part  of  that  effort. 

Before  the  conversion  process  is  begun  the  computer  may  be  tested  to  determine  tiseability. 
An  inexpensive  forced-air  cooling  system  will  allow  operation  at  ambient  air  temperatures  up  to 
8S°F.  Fragmentary  descriptions  of  the  D-17B  previously  available  are  supplemented  in  this  report 
by  a  description  using  the  states  of  control  flip-flops.  This  state  description  is  useful  as  a  study 
plan  and  a  maintenance  guide.  Suggestions  of  educational  applications  and  a  data  input  bus  are  in¬ 
cluded.  This  thesis  can  provide  the  information  necessary  to  convert  the  D-17B  to  a  laboratory 
computer  and  it  contains  data  for  those  interested  in  similar  conversion  projects. 
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1.  Introduction 

This  thesis  was  undertaken  to  investigate  the  conversion  of  the  Minuteman  i  guidance  computer 
to  a  general  purpose  laboratory  computer  and  to  provide  a  state  description  of  the  computer.  In 
order  to  discuss  this  proolcm  in  more  detail,  it  is  necessary  to  consider  the  background  of  this  problem 
and  some  general  definitions  of  computer  classes. 

Background 

The  mode'rnizati  an  of  the  Minuteman  Intercontinental  Ballistic  Missile  Force  has  made  it 
necessary  for  the  United  States  Air  Force  to  declare  over  1 ,000  outdated  inertial  guidance  systems 
unserviceable.  Each  of  t  lese  model  NS-10Q  guidance  systems  contains  a  D-17B  computer,  pov/cr 
supplies,  and  the  unclassi  led  parts  of  the  stable  platform. 

These  systems  are  available,  for  only  the  shipping  costs,  to  colleges  and  other  qualifying 
organizations.  Unfortunately,  written  procedures  for  reutilizing  the  system  were  nonexistent  and 
only  fragmentary  c  iscriptions  of  the  machine  were  available.  Thus,  this  effort  met  an  early  impasse 
because  of  the  lack  of  documentation  concerning  the  D-17B. 

The  Minuteman  Computer  Users*  Group  (MCUG)  was  formed  by  Dr.  Charles  Beck  at  Tulane 
University  for  the  purpose  of  consolidating  the  efforts  of  potential  users  of  the  D-17B.  It  is  intended 
that  the  members  of  this  cooperative  may  share  the  results  of  their  research  and  overcome  the  initial 
reutilization  problems  (Ref  7:ii).  The  Air  Force  Institute  of  Technology  (AF1T)  is  a  member  of  the 
MCUG  and  it  is  hoped  that  this  report  will  be  used  as  part  of  that  effort. 

AFIT  obtained  two  NS-10Q  Minuteman  I  guidance  systems  in  June  1971.  Since  that  time, 
four  thesis  projects  have  been  undertaken  as  part  of  an  overall  plan  to  convert  a  D-17B  computer 
from  one  of  these  NS-10Q  systems  into  a  useful  laboratory  computer.  One  of  these  projects  (Ref  8) 
developed  a  control  console  for  the  computer.  Another  project  (Ref  13)  developed  an  input/output 
interface,  and  a  third  effort  (Ref  9)  produced  a  software  simulation  for  the  D-17B.  The  fourth  thesis 
project  is  the  subject  of  this  report  and  its  purpose  and  plan  of  development  will  be  explained  in  rhe 
following  paragraph. 

Definitions  and  Problem  Analysis 

In  order  to  accurately  describe  the  unnio  vfied  D-17B  computer  and  the  planned  modifi¬ 
cations,  it  is  necessary  to  define  a  general-purpose  and  special-purpose  computer.  A  general-purpose 
computer  is  a  computer  designed  to  solve  a  wide  variety  of  problems.  In  contrast,  a  special-purpose 
computer  is  designed  to  solve  a  specific  problem  or  a  restricted  class  of  problems  (Ref  4:202).  The 
D-17B  computer  can  be  considered  to  be  equally  worthy  of  cither  title.  It  was  constructed  along  flic 
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lines  of  a  general-purpe  >e  computer,  but  when  used  as  part  of  the  Minutcinan  System  it  functions  as 
a  special-purpose  machine. 

Essentially  thc< .  the  problem  involves  changing  a  special-purpose  computer  to  a  general- 
purpose  computer.  T!u  extent  and  type  of  modifications  depend  upon  the  following  assumptions. 

Assumptions  (  omputers  similar  to  the  D-17B  arc  commercially  available  for  less  than 
SlOjOOO.  i!  can  be  as:r  ned  tlut  future  users  of  the  D-17B  will  require  minimal  conversion  expendi¬ 
tures;  otherwise,  it  woul'i  be  advantageous  to  purchase  a  new  machine.  It  is  atso  necessary  to  assume 
that  the  computer  and  associated  power  supplies  would  be  used  in  their  present  physical  package, 
which  is  a  right  circular  cylinder,  29  inches  in  diameter  and  20  inches  high.  These  dimensions  could 
be  reduced  by  repackagir  g  the  computer,  but  the  cost  of  such  a  modification  would  be  prohibitive. 

It  is  assumed  th;  t  the  modified  computer  wili  be  operated  in  a  laboratory  where  the  temp¬ 
erature  of  the  room  can  be  controlled  within  the  range  of  65-85°F.  This  assumption  provides  a 
standard  for  designing  a  new  coding  system  for  the  computer. 

Subproblems.  Since  the  computer  was  cooled  in  its  original  configuration  by 
special  equipment  associated  with  the  Minutcman  Missile,  a  new  cooling  system  must 
be  designed.  This  design  will  be  under  strict  economic  limitations  and  should  be  as 
siftiple  as  possible 

In  order  to  operate  the  D-17B  computer,  the  user  must  know  how  the  machine 
functions.  A  major  subproblem  of  this  thesis  will  be  to  describe  the  computer  in  several 
ways  so  that  each  user  may  choose  a  description  that  best  suits  his  application. 

A  third  subproblcm  wili  be  to  develop  procedures  that  wili  allow  future  users 
to  determine  the  operational  status  of  their  particular  D-I7B.  These  procedures  are 
desirable  since  they  give  the  user  the  assurance  of  knowing  that  the  computer  will 
operate,  prior  to  beginning  the  conversion  process.  ' 

Presentation  of  Problem  Solutions 

Chapter  li  of  this  repot*  presents  five  different  types  of  descriptions  of  the  D-17B;  A 
physical  description,  a  functional  description,  a  description  of  the  word  format,  state  descriptions 
and  mode  description.  Chapter  ill  discusses  the  initial  preparation,  checkout,  and  a  cooling  system 
for  the  computer,  and  is  written  for  tlic  technician  who  is  faced  with  installing  the  D-I7B  in  the 
laboratory.  Chapter  IV  briefly  discusses  wme  applications  of  the  D-17B.  and  Chapter  V  presents 
conclusions  and  recommendation*  for  future  investigation. 
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II.  Descriptions  of  D-17B  Computer 

In  this  portion  of  the  report  the  D-173  computer  will  be  described  from  five 
basic  points  of  view.  These  descriptions  range  from  a  general  overview  to  a  specific 
analysis.  First,  a  basic  physical  description  will  be  presented;  second,  the  computer  will 
be  described  in  terms  of  five  functional  sections;  third,  the  word  format  and  information 
necessary  for  programning  v. ill  be  briefly  discussed;  fourth,  register  transfer  will  be 
described  using  state  diagram  techniques:  and.  finally,  some  alternate  descriptive  techniques 
will  be  covered.  General  specification'  of  the  computer  are  listed  in  Table  t. 

Physical  Description 

Size  and  Composition.  The  D-17B  computer  occupies  one-half  of  a  right 
polygonal-cylindrical  shell.  This  twelve-sided  cylinder  is  20  inches  high,  has  a  maximum 
radius  of  29  inches  and  the  shell  is  6  inches  in  depth.  A  power-supply  for  the  complete 
NS-10Q  guidance  system  is  contained  in  the  remainder  of  the  shell.  A  stable  platform, 
the  third  major  item  of  the  NS-10Q,  occupies  the  cavity  formed  by  the  computer  and 
power  supplies. 

The  computer  alone  weighs  62  pounds  and  is  composed  of  76  printed  circuits 
and  a  rotating  disk  memory  (Ref  1  i:16). 

Power  Requirements.  If  the  associated  power  supply  b  used  with  the  D-17B,  it  is  necessary 
to  provide  28  VDC,  19-25  amps  from  an  external  source.  The  computer  may  be  operated  without 
the  accompanying  power  supply;  however,  it  b  necessary  to  supply  fourteen  separate  DC  voltages 
as  well  as  1200  and  400  hz  alternating  current  supplies.  These  secondary  power  specifications  are 
Ihted  in  Table  II.  Power  consumption  for  the  computer  alone  is  approximately  350  watts  (Ref  1 1:16). 

Functional  Description 

The  D-17B  may*  be  divided  into  five  basic  functional  parts:  the  Control  Unit.  Arithmetic 
Unit,  Memory.  Input,  and  Output.  This  division  b  shown  in  Figure  1  (Ref  1 1  :TR24). 

Basic  Components  and  Terminology  of  the  D-17B.  Each  functional  section  of  the  D-17B  b 
composed  of  basic  components  or  building  blocks  that  are  common  to  several  parts  of  the  computer. 
These  components  must  be  described  aud  common  terminology  must  be  defined  in  order  to  adcquatcly 
describe  tiic  function'll  parts  of  the  computer. 

The  term  bit_  will  be  used  as  a  shortened  form  of  binary  digit.  Thus,  a  hit  of  information  nuy 
be  stored  in  a  two-state  device  such  as  a  flip-flop.  An  extension  of  this  notion  leads  »o  an  ordered  set 
of  binary  cells,  such  as  flip-flops,  and  thb  ordered  set  is  called  a  register  (Ref  4:15). 


3 


GE/EE/72S-2 


TABLE  I 


General  Specifications  of  D-17B  Computer 


TYPE 

NUMBER  SYSTEM 
LOGIC  LEVELS'"” 
DATA  WORD  LENGTH 


Serial,  synchronous 

•-Binary,  fixed  point. 

False -0  volts:  Truef-  - 

24  bits  / 

1 1  bits  •  (split  wordT 


1 2*s  complement 
volt3  (Negative  logic) 


INSTRUCTION  WORD 

LENGTH  24  bits 


NUMBER  OF 

INSTRUCTIONS  39 


EXECUTION  TIME 

CLOCK  FREQUENCY' 


Varies  with  each  instruction  type 
Add  78.125  micro  sec 
multiply  1015.62$  micro  sec. 

345.6  khz 


ADDRESSING 

MEMORY 

INPUT/ 

OUTPUT 


Direct  Addressing  . 

Two-address  and  3-address  instructions 

Ferrous-oxide -coated  disk 
2,727  word  (24  bits)  capacity 
78.125  micro  sec.  cycle  time 


48  Digital  lines  (output) 
28  Digital  lines  (input) 
12  Analog  lines 
3  pulse  lines 


Information  adapted  from  Ref  2:23 
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TABLE  II 

D-I7B  Computer  DC  Power  Supplies,  Voltages,  and  Tolerances 


Voltage 

Vda 

✓ 

^  Tolc.ance 

Ripple 

MVP-P 

Current 

MA 

Locati.n 

Plug 

Pin 

-35 

4% 

10.0 

100  +  20% 

J2(31J* 

23 

-25 

2c 

10.0 

428120% 

22(31) 

14 

-10 

.  2c 

10.0 

3410  1  20% 

72(31) 

20 

-5 

0.25$' 

10D 

160120% 

12(50) 

9 

-5 

26 

10D 

1380120% 

22(31) 

24 

-3 

2Ci 

10.0 

520  1  20% 

22(31) 

18 

-2  JS 

025$' 

5D 

P301 

9.11 

-ID 

2% 

10.0 

500 1  10% 

22(31) 

13 

♦2 

2% 

10D 

1855  1  20% 

J7 

25 

*25 

025 % 

5D 

• 

P301 

20,22 

♦5 

025% 

10D 

75  1 20% 

22(50) 

20 

46 

2% 

10D 

185 t  10% 

22(50) 

22 

>10 

2% 

10D 

1060  +  20% 
-10% 

22(50) 

16 

♦15 

2% 

10.0 

1600120% 

22(50) 

9 

♦25 

2% 

10D 

650120% 

22(50) 

17 

♦35 

2% 

10D 

870  1  20% 

22(50) 

19 

a.  Number  in  parenthesis  indicates  the  number  of  pins  in  the  plug. 
Adapted  from  Ref  3:99, 16:3-7, 7:6. 
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The  term  wjffiL  is  used  for  a  g.oup  of  digits  that  represent  a  basic  unit  of  information 
to  the  computer  (Ref  6:3).  A  word,  then,  is  the  information  that  may  be  stored  in  a  regis¬ 
ter.  In  the  D-17B.  the  information  carrying  part  of  a  word  is  24  bits  in  length  with  three 
additional  bits  used  for  timing  as  shown  in  Fig.  2. 


A  word  may  be  divided  into  two  parts  to  represent  two  different  numbers.  In 
the  D-I7B  computer  this  process  is  called  split-word  operation.  During  split-word  oper¬ 
ation  the  term  right  half-word  applies  to  bits  0  through  bit  1 1  and  left  half-word  applies  to 
bits  14  through  24.  as  shown  in  Fig.  2. 

A  loop  is  a  register  composed  of  flip-flops  and  bits  that  are  stored  on  the  magnetic  disk  memory. 
As  the  memory  disk  turns,  the  information  is  read  into  a  read  flip-flop  and  written  back  onto  the  memory 
disk  by  a  write  flip-flop,  as  depicted  in  Fig.  3. 

Since  loops  ate  special  serial  registers,  both  terms  loop  and  register  will  be  used  to  refer  to 
loops  in  the  description  of  this  computer. 

The  term  word-time  :s  derived  from  ilte  length  of  time  required  to  circulate  an  entire  word  in 
a  one-word  loop.  A  word  rime  nuy  be  furtlrcr  divided  into  "bit  times'*  since  a  bit  is  one-twenty-seventh 
of  a  word. 

The  bits  in  a  word  nuv  he  coded  to  form  an  instruction  for  the  computer.  Different  parts  of 
the  word  may  be  decoded  to  indicate  'pcviiic  uitoiuution  such  as  the  “address"  or  memory  location  to 
the  next  instruction.  A  part  of  tire  instruction  which  is  allocated  for  such  a  special  purpose  is  called 
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a  field.  Fields  are  also  commonly  used  to  indicate  what  operation  is  to  be  performed  (Op  Code)  or 
what  addresses  of  numbers  are  to  be  used  in  the  operation  (operand).  This  leads  to  a  method  of 
classifying  instruction  words- by  the  number  of  addresses  in  the  instruction  (Ref  10:452). 

Control  Unit,  primary’  function  of  the  Control  Unit  is  to  interpret  machine  instructions 
and  direct  the  execution  of  these  instructions.  Therefore,  the  Instruction  Register  (I)  is  one  of  the 
major  components  in  the  Control  Unit  (Kef  11:16). 

The  I-loop  or  instruction  Register  is  composed  of  one  delay  flip-flop.  Ip  and  a  read  and  a 
write  flip-flop,  lx  and  I->4  respectively.  Twenty-four  other  bits  of  th:s  one  word  register  are  written  on 
the  disk  memory.  New  information  may  be  entered  into  the  I  loop  when  :he  control  flip-flop  Ic 
is  “one*'  set;  otherwise,  the  information  circulates  from  the  magnetic  disk  through  the  1  flip-flop  and  is 
re-written  on  the  disk  in  a  continuous  loop. 

The  1  register  receives  the  computer  instruction  from  the  memory  and  holds  that  instruction 
for  part  of  the  instruction  interpretation.  Prior  to  execution,  the  instruction  is  read  into  various  buffer 
registers  and  the  1  register  is  free  to  receive  the  next  instruction  to  be  executed  (Ref  11:16). 

The  Operation  Buffer  Register  is  used  to  store  the  instruction  operation  code  prior  to  execution 
(see  State  Description  c2).  This  register  consists  of  flip-flops  Ip  (^3  O^-,  ObJ.  During  the  last  word  time 
of  execution,  the  next  instruction  is  serially  loaded  into  the  Operation  Buffer  Register,  then  parallel-loaded 
into  the  Operation  Code  Storage  Register.  Flip-flpps.  04  O3  O2  Oj  form  the  Operation  Code  Storage 
Register  which  senes  primarily  to  hold  the  op  code  during  execution  (see  Word  Format  for  an  explan¬ 
ation  of  the  Op  Code)  (Ref  1 1 :27). 

Storage  of  the  operand  information  is  accomplished  in  a  similar  manner  by  the  Channel  Buffer 
Register  and  the  Channel  Storage  Register.  During  the  Instruction  Read  operation,  the  operand  channel 
information  is  fed  into  the  Channel  Buffer  Register,  flip  flops  Cb5  through  Cbj.  When  the  operand 
sector  is  found  (see  memory  for  discussing  sectors),  the  operand  channel  is  parallel-loaded  into  the 
Channel  Storage  Register,  flip-flops  C5  through  Cj.  This  register  then  holds  the  operand  channel  in¬ 
formation  during  execution  of  the  instruction.  Some  operations  do  not  require  an  operand  and  the 
Channel  Storage  flip-flops  may  be  used  as  additional  hardware  to  execute  the  instruction.  An  ex¬ 
ample  of  this  application  is  the  Character  Output  operation:  four  bits  of  the  Accumulator  are  shifted 
into  the  Channel  Storage  Register  to  be  output  to  the  character  output  lines  (Ref  2:TR-72). 

Flag  Storing  is  a  special  operation,  and  it  is  explained  in  the  word  format  description.  In 
this  operation  the  previous  contents  of  the  Accumulator  are  stored  in  a  dianncl  specified  by  the  in¬ 
struction.  A  code  for  that  channel  number  is  loaded  into  the  Fbg  Code  Buffer  Register,  S^,  S^-*. 

Sjjj,  when  the  instruction  is  tcad.  At  the  first  bit  time  of  execution  the  Flag  Code  Buffer  Register  is 
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parallel-loaded  into  the  Flag  Code  Stoiage  Register  (Ref  1 1  :TR45).  A  set  of  diagrams  showing  the 
codes  that  may  be  loaded  into  these  registers  is  displayed  in  Fig.  4. 

When  an  operand  is  read  from  memory  it  is  loaded  into  a  register  of  the  Control  Unit  called 
the  Number  Register.  The  Number  Register  or  N-loop  consists  of  three  flip-flops,  Np.  N-*^,  Nx>  and 
twenty-four  bits  of  memory.  The  three  flip-flops  Np.  and  Nx  are  used  for  delay,  writing  on  the 
memory  disk,  and  reading,  respectively,  arid  a  fourth  flip-flop,  N’c,  cot  trots  the  entry  of  new  infor¬ 
mation  into  the  N-loop  (Ref  1 1 :31 ). 

There  are  four  Output  Control  registers  which  are  a  part  of  tiie  control  unit.  The  composition  of 
these  registers  will  be  discussed  here,  but  their  functional  task  will  be  discussed  in  the  Output  functional 
description.  The  Discrete  Output  Register  is  contained  in  the  Control  Unit.  It  consists  of  five  flip- 
flops,  Dj  through  D j ,  which,  together  with  a  Discrete  Output  Matrix,  control  the  twenty-eight 
Discrete  Outputs.  Digital-to-analog  conversion  control  flip-flops  form  three  registers  of  eight  flip-flops  each. 
The  registers  arc  designated  Vjj,  Vnj,  and  V^j.  i  =  1,*  •  *JS.  The  Binary  Output  Control  Register  con¬ 
sists  of  three  flip-flops:  Cj.Gi,  Gj. 

Timing  control  of  the  D-17B  is  achieved  using  a  bit  counter  that  is  controlled  by  the  sector 
track  of  memory  (see  ‘'Memory**  for  a  discussion  of  the  sector  track).  The  bit  counter  is  a  set  of 
flip-flops  that  are  used  to  distinguish  bit  times  of  the  serial  operations  of  the  computer.  These  flip- 
flops  arc  designated  Bj,  B^,  Bj.  B^.  Bj,  Bg.  Tp.  Tx,  TQ.  Tp, Tx.  and  T0  are  timing  flip-flops  that  are 
“one”  set  only  at  the  beginning  and  ending  of  words  (the  use  of  these  flip-flops  is  apparent  in  the  Word 
Format  discussion).  B|  is  used  to  dh.mguish  between  odd  and  even  bit  times  and  B->  is  “one”  set  and 
“aero”  set  at  alternating  two-word  time  periods.  B_j  is  “one”  set  only  during  tiie  right  and  left  split- 
word  bit  times.  B^  and  Bj  arc  counting  flip-flops  that  support  the  other  flip-flops  of  the  bit  counter. 

Bg  is  “zero”  set  during  the  first  half  of  the  word  time  and  “one”  set  during  the  second  half  (Ref  11:25) 
The  relationship  between  the  B  j  flip-flop  and  the  word  times  is  shown  in  Fig.  5. 

These  arc  the  major  components  of  the  Control  Unit.  Interaction  of  this  function  and  the 
following  functional  units  will  be  discussed  in  the  State  Description  of  the  D-17B. 

Arithmetic  Unit.  As  its  name  implies,  the  purpose  of  the  Arithmetic  Unit  is  to  perform  the 
calculations  as  directed  by  the  Control  Unit.  Each  of  these  Arithmetic  operations  b  explained  in  the 
State  Description.  This  unit  consists  of  two  one-word  registers,  the  Accumulator  and  the  Lower  Accum¬ 
ulator.  (Ref  11:17) 

The  Accumulator  holds  the  results  of  all  arithmetic  functions  and  is  an  output  rogbter  fur  the 
voltage,  binary,  and  character  output  operation*  (Ref  11:17).  In  addition  to  23  bits  on  the  magnetic 
disk,  it  b  composed  of  two  delay  flip-flops,  Ap  and  .4*4.  a  write  flip-flop,  and  Ax,  a  read  flip-flop. 
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Pig,  4,  Veitch  Diarrar.  for  Storage  Kegister  Codes 
(Fron  iieT  2s42,  43,  45). 
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When  the  control  flip-flc.it,  Ac  is  “zero”  set,  the  A  loop  is  allowed  to  circulate  and  new  information 
may  be  serially  loaded  in:o  the  Accumulator  when  Ac  is  “one”  set  (Ref  1 1 :30). 

The  Lower  Accumulator,  L-loop,  is  used  for  rapid  access  storage,  character  inputs,  and  logical 
operations.  It  consists  c!  two  delay  flip-flops.  Lx  and  Lp.  one  write  flip-flop,  L>^f  a  read  flip-flop, 

L0.  and  twenty-fluec  bit .  «-n  the  magnetic  disk  (Ref  1 1 :31). 

Memory.  Memo) y  in  the  D-17B  is  a  rotating  magnetic  disk.  Information  is  transferred  to 
the  magnetic  disk  by  stati  'nary  read  and  write  heads.  This  information  remains  on  the  disk  until  new 
data  is  recorded.  Therefor;,  this  information  is  in  non-volatile  storage;  that  is.  the  informationremains 
stored  dVen  when  power  is  removed  from  the  computer.  However,  the  loops  may  be  considered  as 
volatile  storage,  because  th;  flip-flops  that  are  part  of  the  loop  will  be  activated  in  a  random  state  when 
power  is  returned  to  the  computer  (Ref  11:17). 

lu  order  to  define  specific  locations  in  memory,  the  disk  is  divided  into  128  radial  divisions 
(sectors)  and  21  concentric  tracks  (channels)  as  shown  in  Fig.  6.  The  sectors  are  numbered  octally 
from  00  to  177  and  channels  are  numbered  in  an  even  octal  progression,  00.02,  — ,  SO.  (Channels 
are  numbered  evenly  because  the  least  significant  d:git  of  the  octal  number  used  for  channel  addressing 
is  part  of  the  sector  address).  The  sector  numbers  are  recorded  on  the  memory  in  a  special  sector  track. 
S;  however,  these  sectors  are  numbered  one  sector  out  of  phase  for  timing  purposes  in  the  computer. 
Each  channel  and  sector  number  designate  27  bits  (one  word  )  of  memory.  Twenty  of  the  channels 
are  called  “cold  storage  channels”  because  the  write  heads  on  these  channels  may  be  deactivated 
(Ref  11:17). 

In  addition  to  the  part  of  memory  defined  by  the  sector  and  channel  divisions  there  arc  ten 
recirculating  loops,  which  are  used  in  input,  arithmetic,  and  rapid  storage  operations.  The  A,  L.N,  and 
I  loops  function  as  part  of  the  Arithmetic  and  Control  Units.  Rapid  access  storage  is  provided  by  the 
U-loop,  which  is  a  one-word  register  consisting  of  a  read  flip-flop.  Up,  and  a  write  flip-flop,  Ux,  and 
twenty-five  bits  stored  on  the  memory  disk. 

The  F  loop,  a  four-word  .rapid  access  storage  register  As  comprised  of  Fp.  a  write  flip-flop, 

Fx,  a  read  flip-flop,  and  106  bits  on  the  memory  disk.  Two  other  four-word  loops,  V  and  R,  are 
used  as  input  loops.  The  V  loop  contains  a  Vp  and  Vx  flip-flop  and  the  R  loop  uses  a  Rpand  Rjj 
flip-flop  for  write  and  read  functions  respectively. 

Rapid  access  storage  of  eight  words  is  provided  by  the  F  loop  which  is  composed  of  a  read 
flip-flop.  Ejj,  a  write  flip-flop.  Ep.  and  214  bits  on  the  rotating  disk.  A  read  amplifier,  E^.  is  provided 
at  the  midpoint  of  this  register  to  allow  rapid  access  to  the  E  loop  contents.  Tlic  H  loop  is  a  16-word 
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Fig.  6  D-J7B  Memory  Layout  (From  Ref  2:11 ) 
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rapid  access  storage  register.  Like  the  other  loops,  the  Hp  and  Hx  flip-flops  are  used  for  writing  and 
reading  from  the  memory  disk.  An  intermediate  read  amplifier,  Hmx,  is  provided  at  the  midpoint  of 
this  register  to  allow  rapic  access  reading  (Ref  1 1 :34). 

Inputs.  In  this  report,  inputs  to  the  D-17B  will  be  diseased  in  two  general  classes:  control 
input  signals,  and  data  inputs.  Control  input  signals  are  those  signal;  which  would  be  generated  by 
a  control  panel  or  input  divice  to  cause  the  computer  to  enter  a  pi’ticular  state  or  to  accept  data. 

Data  inputs  are  defined  as  character  input  signals  and  discrete  input  -ignals.  Both  classes  of  inputs, 
associated  common  symbeis,  and  plug  connections  are  listed  in  Table  ill.  In  the  following  discussion 
of  both  control  and  data  inputs,  voltage  ranges  and  general  specificat.ons  are  given;  however,  these 
ranges  have  not  been  completely  tested  on  the  computer  at  AF1T.  I  is  known  from  experiments  that 
these  ranges  are  conservative  and  that  successful  operation  has  been  achieved  outside  the  listed  ranges. 
These  input  voltage  levels  are  adjusted  by  input  circuits  in  the  computer  to  obtain  the  level  required 
for  machine  operation.  The  adjusted  signal  is  signified  by  adding  a  (*)  to  the  standard  symbol,  thus 
an  adjusted  fill  signal  would  be  Fj£  . 

Discrete  Disable,  D(jc,  is  a  control  input  signal  which  deactivates  the  discrete  output  signals. 
The  “true”  or  “1”  level  is  +10v  with  a  worst-case  current  of  22  amps.  Typical  load  is  135  milliamps. 
FalJe  level  is  -25v  with  4.0  microamp  load  (Ref  1 :69). 

# 

The  control  signal  Enable  Write,  Ewc,  controls  the  write  flip-flops  in  the  memory  “cold 
storage”  channels  (0046).  “True”  for  Ewc  is  +35  to  +39v  into  a  120  ohm  resistance  connected  to 
-30v  into  a  1  meg  ohm  impedance  (Ref  1 :68). 

Initiate  load  or  Fill  signal,  F^,  allows  the  computer  to  leave  the  Manual  Halt  states  and  enter 
the  Wait  state.  “True”  or  “1”  for  this  signal  is  -16  to  -30v  into  a  82k  ohms  resistance  connected 
to  +25v.  The  “fclse"  level  is  +6  to  +30v  into  a  resistance  of  1  meg  ohm. 

The  Mechanical  Reader  Input  Signal,  Im.  is  not  used  in  the  control  console  at  AFIT.  It 
may  be  used  as  one  of  several  commands  to  enter  the  Wait  state  (sec  State  Description).  lm  has  the 
same  specification  as  the  Fill  signal. 

Hie  Halt  prime  or  Run,  K’^,  input  signal  allows  the  computer  to  enter  the  compute  states. 
“True”  for  this  signal  is  -16  to  -30v  into  3  4.1  k  ohm  resistance  connected  to  25v  and  the  “false” 
level  is  +6  to  +30v  into  1  meg  ohms  (Ref  1 :63). 

K £  and  Kj.f  are  both  used  as  symbols  for  the  halt  or  run  prime  signal.  It  is  used  to  cause  the 
computer  to  enter  the  non-compute  stales.  Signal  specifications  arc  the  same  as  KjIC  (Ref  1 :63). 

Single-step  Prime  Input  is  used  to  cause  the  computer  to  execute  only  one  instruction.  Two 
symbols  appear  in  the  literature  for  tliis  signal,  K^.  and  K^j..  “False”  level  is  -»2  to  +30v  and  “true” 
is  3  to  -30v  (Ref  1:67). 
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TABLE  HI 

D-I7B  Computer  Input  Locations 


Input  Name 


Input  Symbol  Plug  and  Pin  Number 


o 


Disable  Discrete 

Ddc 

Jl(100)  *  -23 

Enable  Write 

^wc 

.  J1(!00)  -93 

Initiate  Load 

Fsc 

JS-24 

or 

Fill  Signal 

Gyro  Bottom 

*bc 

J 10-22 

Mechanica'  Input 

*mc 

J8-17 

Character  Inputs 

*lc 

J7-1 

*2c 

J7-2 

!3c 

J7-3 

* 

!4c 

J7-4 

!5c 

J7-5 

Halt  Prime 

Khc 

J7-17 

Run  Prime 

Kkr 

J8-16 

Master  Reset 

Mrc 

J1(10C)  -90 

Sprocket  liming 

Tc 

J8-3S 

Sprocket  Timing 

Tc 

J7-6 

Prime 

Discrete  Inputs 

X1C 

Jl(100)  -96 

X2C 

Jl(IOO)  -97 

X3C 

31(100)  -98 

X4C 

Jl(IOO)  -99 

X5C 

J9-7 

X6C 

J 10-23 

X7C 

J9-2 

X8C 

39-3 

X9C 

J9-4 

X10C 

J9-5 

XUC 

J10-19 

XIX 

13(100)  -63 

XIX 

J10-20 

XI4C 

J3(I00)  -48 

XI5C 

J3(l00)  -18 

X16C 

J  3(100)  -65 

XI7C 

J3(100)  -66 

XIX 

J 10-21 

XI9C 

J9-10 

G 
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TAB1E  HI  (root) 


Input  Name 
Discrete  Inputs  (cct.t) 


put  Symbol 

Plug  and  Pin  Number 

Y1C 

J10  -1 

Y2C 

110-2 

Y3C 

JIO-3 

Y4C 

110  4 

Y5C 

.  Jl(100)  -95 

Y6C 

11(100)  -94 

Y7C 

13(100)  -76 

Y8C 

19-11 

Y9C 

19-12 

Y10C 

19-13 

Y11C 

19-14 

Y12C 

19-15 

Y13C 

19-16 

Y14C 

19-17 

Y15C 

19-44 

Y16C 

19-45 

YI7C 

1946 

Y18C 

19-9 

Y19C 

13(100)  -29 

Y20C 

13(100)  -28 

Y21C 

13(100)  -17 

Y22C 

13(100)  -16 

Y23C 

13(100)  -6 

Y24C 

13(100)  -5 

a.  Number  in  parenthesis  indicates  totai  number  of  pins  in  plug.  Information  obtained  from 
Ref  S:  Fig.  3  and  through  experiments  with  D-17B  computer. 
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Master  Reset.  Mrc.  is  used  to  set  the  control  flip-flop  to  a  specified  set  of  settings.  Signal 
specifications  are  similar  to  the  Fill  signal  specifications. 

The  Sprocket  Tuning  input  signal,  Tc,  is  an  input  which  -causes  the  computer  to  accept 
data  from  the  character  input  lines.  “True**  level  is  -3  to  -30v  a.id  ‘'false”  is  +20  to  +30v.  The 
inverse  signal  is  TJ. ,  however.  V£  has  the  same  signal  specifications;  true  is  -3  to  -30v  and  false  is 
♦20  to  +30v. 

Input  signals  lis  ed  in  the  above  paragraphs  are  control  in;  uts.  Next,  the  data  inputs  will 
be  specified.  Character  nput  lines,  ljc  to  1^.  provide  input  codes  far  both  command  and  numeric 
data.  These  codes  are  listed  in  Table  IV.  Signal  specifications  for  be  Character  Inputs  are  the  same 
as  the  Fill  signal  (Ref  l:u2). 

Discrete  inputs  •  Xj^c  and  Y  jc  -  Y->4  are  two  sets  of  cn-off  type  signals  which  may  be 
loaded  directly  into  the  Accumulator  under  program  control.  A  special  discrete  signal  input  1^. 
is  available  and  may  be  reset  under  program  control.  In  the  original  configuration,  this  signal  was 
used  to  indicate  a  gyro  malfunction.  Signal  level  requirements  for  these  signals  are  the  sane  as  the 
Fill  signal  (Ref  2:46). 

Outputs.  Four  types  of  output  signals  will  be  considered  under  this  functional  heading: 
single  diaracter,  binary,  analog  voltage,  discrete  outputs.  Voltage  limits  and  load  limits  are  listed 
with  each  of  the  outputs:  iiowevcr,  these  limits  were  extracted  from  Ref  1 :40-59  and  were  not  tested 
as  part  of  this  report.  Pin  connections  for  these  outputs  arc  listed  in  Table  V  and  Table  VI. 

Single  characters  may  be  output  on  output  lines  S£j  through  S  ^  Under  program  control 
the  four  most  significant  bits  of  the  Accumulator  may  be  shifted  to  the  lines  for  a  period  up  to 
31  word-times  as  dictated  by  the  program  instruction.  During  the  above  period  a  timing  signal 
is  supplied  on  output  line  S(t  and  even  parity  is  indicated  on  line  True*' level  for  the 
signals  is  -23.7v  through  a  1  k  ohm  resistor  and  maximum  load  is  50  miiiiamps.  "False”  level  is 
+10j8v  through  2  k  ohm  resistance  for  loads  up  to  1.4  miiiiamps  and  +25v  through  a  12  k  ohm 
resistance  for  loads  above  1.4  miiiiamps.  Maximum  current  from  tlie  circuit  should  be  4  miiiiamps. 

Binary  Incremental  Outputs  were  used  in  controlling  the  navigational  gyros.  These  outputs 
are  changed  by  the  Binary  Output  instructions  which  cause  one-  of  three  flip-flops  to  be  set  according 
to  the  sign  of  the  Accumulator.  When  the  BOA  instruction  is  executed,  the  Gj  flip-flop  is  "one”  set  if  the 
Accumulator  is  negative  and  "zero”  set  if  the  Accumulator  is  positive.  Output  line  Gjj  is  "true”  if 
G|  b  “one”  set  and  line  Gjq  is  "true"  if  Gj  is  “zero”  set.  Similarly,  tlie  BOB  instruction  controls 
outputs  G-»q  and  G-*j  and  the  BOC  instruction  controls  the  G^q  and  G^j  output  lines.  True” 
for  these  outputs  is  -10v  through  a  470  ohm  resistance  requiring  load  currents  less  than  IS  miiiiamps. 
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TABLE  IV 


Character  Input  Codes  for  D-17B 

Line  Codes 

Input 

>1 

*2 

*3 

Number  0 

0 

0 

0 

1 

1 

1 

0 

0 

2 

3 

1 

0 

3 

I 

1 

0 

4 

3 

0 

i 

5 

1 

0 

i 

6 

0 

1 

l 

7 

1 

I 

i 

Command  Halt 

0 

0 

0 

Location 

1 

0 

0 

m 

0 

1 

0 

Verify 

1 

1 

0 

Compute 

0 

0 

1 

Enter 

I 

0 

1 

Clear 

0 

1 

1 

Delete 

I 

1 

1 

*4 

0. 

0 

0 

0 

0 

0 

0 

0 


(Information  from  Ref  2:37) 


H 

1 

0 

0 

1 

0 

I 

1 

0 

0 

I 

1 

0 

1 

0 

0 

1 
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TABLE  V 


o 

D-17B  Computer  Output  Fin  Connections 

f 

Output 

Symbols 

Pin  Connections 

Character 

SC10 

36-19 

Outputs 

36-20 

♦ 

sc33 

sc40 

sc50 

^60 

36-21 

36**22 

36-23 

36-24 

Unary 

Gjo 

310-12 

Incremental 

g" 

s*20 

”21 

”30 

G31 

310-13 

Outputs 

310-14 

31015 

310-16 

310-17 

Discrete 

Outputs 


o 


DOI 

D02 

D03 

C04 

DOS 

D09 

DIO 

Dl! 

D12 

D13 

D14 

D1S 

DI6 

D17 

DI8 

D19 

D20 

D21 

D22 

D23 

D24 

D25 

D26 

D27 

D28 

D29 

D30 

D31 


J10-5 

JlO-6 

JIO-7 

jm 

J3(100)  -8A- 
J 3(100)  -9 
310-31 
33(100)  -64 
J6-3 

J3(100)  -S9 
J6-5 
J 10-30 
J3(100)  -100 
'310-29 
39-25 
39-26 
39-23 
310-32 
39-28 
39-29 

33(100)  -74 

39-30 

39-3! 

39-32 

39-33 

39-34 

39-35 

39-36 


A-Nurebcr  in  parentliesis  indicates  total  number  of  pins  in  plug.  Information  obtained  from 
Ref  5:  Fig  3  and  through  experimentation  with  D-17B  computer. 
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TABLE  VI 


P-I7B  Computer  Digital-to-Analog  Voltage  Output  Locations 


Phase  Register 
Settings 

Voltage  Output 

Symbol 

Associated  Outpit 
Instruction 

Pin  Connection 

*3*2*1 

No  Voltage  Output 

- 

*3*2*1 

VO10 

vo20 

VO30 

VOA 

VOB 

VOC 

J109 

J10-10 

J 10-11 

*3  *2  *1 
or 

*3*2*1 

VOn 

V02, 

vo31 

VOA 

VOB 

VOC 

13(100)*  -21 
13(100)  -  10 
J3(100)  -19 

*3*2*1 

or 

*3*2*1 

vor 

V022 

vo32 

VOA 

VOB 

VOC 

J  3(100)  46 
J3(100)  -59 
J3(100)  -52 

*3  *2  *1 
or 

*3  *2  *1 

VO, 3 

V023 

VO33 

VOA 

VOB 

VOC 

J3(100)  -7' 
JX100)  -91. 
J3(100)  -87 

a.  -Number  in  parenthesis  indicates  the  total  number  of  pins  in  the  plug.  Information  obtained  trom 
Ref  1 1  :TR70. 
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“Fabe”  voltage  level  is  -1  jOv  through  470  ohms  with  load  currents  less  than  30  miliiamps. 

Three  separate  digital  to  analog  converters  are  available  in  the  computer  output  networks. 
Voltage  values  are  proportional  to  the  split  word  contents  of  the  /ccomulator.  The  VOA  instruction 
causes  the  most  significant  bits  of  the  split  word  in  A  to  be  transfc  red  to  the  Voltage  Output 
Register  number  1.  Flip-1. *ops  in  this  register  direct  plus  and  minus  Sv  to  eight  different  points  in 
a  resistor  network  to  prodrcc  air  output  voltage  between  -  20v.  <f  bit  1^  is  a  “I",  the  right  half 
of  the  Accumulator  will  bv  used  for  output,  otherwise  the  left  half-word  will  be  used  to  specify  the 
voltage  flip-flop  settings.  Similarly,  the  VOB  and  VOC  instructions  <  ontrol  output  register 
and  Vjj  (i=l,  ...,8).  The  tnree  voltage  outputs  may  be  directed  to  any  one  of  four  sets  of  output 
terminals  depending  on  the  Phase  Register  Contents.  The  setting  Pj.  P\,  Pj  inhibits  all  voltage 
outputs;  other  Phase  Register  settings  and  pin  locations  are  shown  in  Table  VI.  Symbols  for  the  out¬ 
puts  are  VO-  where  i  is  either  1, 2,  or  3  corresponding  to  the  VOA,  VOB,  and  VOC  instruct  ions 
respectively.  The  second  subscript,  j,  refers  to  one  of  the  four  Phase  Register  settings  (Ref  1 1  :TR70). 
AD  of  the  outputs  vary  between  20v  at  a  maximum  load  of  4  mil'  amps. 

Twenty-eight  discrete  output  lines  are  available  and  may  be  turned  on  and  off  under  program 
control.  Discrete  line  DO,g  is  the  only  line  that  may  be  “on”  while  another  discietc  output  is  on. 

If  DO4  is  on  and  DOj,  DOj,  or  DO3,  is  turned,  it  will  remain  on.  In  all  other  cases  ,  if  any  dis¬ 
crete  output  is  “on”  and  another  discrete  line  is  activated  by  program  control,  the  first  discrete 
line  will  be  turned  “ofP  (Ref  9:TR8).  The  on  or  “true”  voltage  level  for  these  outputs  is  -23.7v 
through  a  1  k  ohm  resistor  with  a  maximum  load  of  30  miliiamps.  “False”  is  indicated  by  +I0.8v 
into  a  2  k  ohm  resistance  for  loads  up  to  1 .4  miliiamps  and  +25v  for  loads  greater  than  1 .4  miliiamps: 
however,  the  load  must  be  less  than  4  miliiamps. 

Computet  Word  Formats 

In  this  description  the  word  formats  of  the  D-17B  will  be  examined;  however,  no  effort  will 
be  made  to  explain  the  details  necessary  for  programming.  This  task  las  to  be  accomplished  in  the 
Minutctnan  Computer  Users’  Group  Report  MCUG-4-71  (Ref  6). 

Ml  words  in  the  D-17B  consist  of  27  bits,  although  three  bits  arc  used  for  timing.  The  re¬ 
maining  24  bits  may  be  presented  in  three  basically  different  formats:  witok  number,  split  number, 
and  instruction.  These  formats  arc  shown  in  Fig.  7,  for  reference  in  the  following  discussions. 

Whole  Number  Format.  (Ref  3:24,25 »  All  24  bits  of  one  word  may  he  used  to  store  one 
number  in  tlic  whole  number  format.  Tlic  number  is  in  2  s  complement  form  and  the  twenty- 
fourth  bit  position  is  the  sign  bit.  flits  Tp,  Tu.  and  Tx  are  the  timing  bits. 

Split  Xumbcr  Format,  (Ref  3:2425 1  Similarly,  two  numbers  may  be  stored  in  one  word 
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of  twenty-four  bits.  Bits  T24  through  Tj4  form  the  left  half-word  and  Bits  Tj  j  through  Tj  form 
the  right  half-word.  T24  and  Tj  j  are  the  respective  half-word  sign  bits  and  bit  positions  T|3  and 
Tj2  are  not  used. 

Instruction  Format.  (Ref  3:26-28)  Instructions  take  on  i\m  basic  forms  in  the  D-17B  depending 
upon  the  contents  of  bit  ;>osition  T20-  This  bit  position  is  the  ”F»ig  bit”  and  is  a  signal  or  flag  to 
indicate  that  the  instruction  is  a  flag-store  instruction.  A  fiag-ston  instruction  wDl  cause  the  computer 
to  store  the  contents  of  tie  Accumulator  in  the  loop  indicated  by  a  code  in  Tjq,  T jg,  and  T j-j  bit 
positions  of  the  instruction.  First  it  is  necessary  to  describe  the  unfl  igged  instruction  in  order  to 
consider  the  flagged  instru  -lion  in  more  detail. 

An  unflagged  instruction  contains  five  fields:  the  op  code,  I'ag  (always  0),  next  instruction 
sector,  operand  channel,  and  operand  sector.  This  format  is  commonly  called  both  a  one  and  one- 
half  address  and  a  two  address  instruction.  Either  name  would  seem  to  be  correct  since  two  address 
are  actually  present;  however,  only  one-half  of  one  address  is  explicitly  shown.  These  fields  are  shown 
in  Fig.  7  and  will  be  given  specific  symbols  in  the  following  sections. 

The  flagged  instruction  may  be  considered  a  three  address  instruction  since  three  addresses 
are  actually  present.  Tire  six  programmable  fields  of  the  format  are:  op  code,  flag  (always  1),  flag 
storage  location,  sector  of  next  instruction,  operand  channel,  and  operand  sector.  One  should  note 
that  since  the  address  of  the  next  instruction  is  shortened  to  four  bits  in  this  format,  the  instruction 
must  be  within  16  sectors  of  this  instruction  on  the  memory  disk. 

State  Description  of  the  D-17B 

Operation  of  the  D-17B  may  be  described  by  considering  the  various  configurations  that  the 
control  flip-flops  enter  when  the  machine  is  executing  a  program.  Thus,  a  state  of  the  machine  is 
defined  by  a  particular  configuration  of  the  control  flip-flops.  States  may  be  represented  on  a 
diagram  which  depicts  the  various  paths  that  the  machine  may  cycle  through  during  program  execution.  This 
state  diagram  may  be  used  in  conjunction  with  a  description  of  flic  information  exchange  between 
registers  to  completely  describe  the  machine  operation.  The  procedure  used  to  formulate  this  descrip¬ 
tion  was  essentially  to  reverse  the  process  of  computer  design  as  described  by  Chu  (Ref  10).  Any 
number  of  different  state  descriptions  may  result,  depending  upon  the  set  of  two  state  elements 
(flip-flops)  that  ate  chosen  as  control  dements  of  the  machine.  The  control  dements  used  in  this 
particular  description  were  picked  by  trial  and  cr.or  using  the  following  criteria: 

I)  The  states  of  (lie  machine  should  be  closely  parallel  to  the  existing  descriptions  of  the 
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Fig.  7  D-17B  Computer  Word  Format  (From  Ref  2:16,17) 
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2)  The  overall  state  description  should  be  as  simple  as  possible,  yet  there  should  be  a  sufficient 
number  of  states  to  describe  all  the  machine  operations. 

State  Descriptions  have  the  advantage  of  being  a  visual  descript.on,  hence,  they  are  easily  under¬ 
stood  and  are  capable  of  displaying  targe  amounts  of  information  in  a  concise  form.  Even  more  im¬ 
portant,  the  state  diagram  provides  a  systematic  approach  for  describing  how  the  computer  functions. 

Register  Transfer  Notation.  In  order  to  conveniently  describe  information  transfer  between 
registers  during  each  state  it  is  necessary  to  adopt  a  type  of  shorthanc  convention  to  condense  the 
description.  The  symbols  used  in  this  notation  are  listed  in  Table  Vi*  and  are  an  adaptation  of  the 
system  used  by  Chu  (Ref  10:378). 

State  Diagram.  |n  this  report  the  siates  of  the  computer  have  been  broken  into  two  major 
classes  or  modes.  Compute  (K)  and  Non-Compute  (K’).  This  division  was  selected  to  allow  the  reader 
to  easily  correlate  the  state  description  with  descriptions  already  published.  The  states  in  these  classes 
are  represented  by  nodes  (circles)  and  are  numbered  with  an  identifying  number.  Configurations  of 
the  major  control  flip-flops  which  cause  transition  between  states  are  listed  beside  the  transition  path 
on  the  diagram.  Associated  with  each  state  diagram  is  a  table  which  lists  the  states  by  number  and 
name  and  the  information  transfer  which  occurs  during  that  state.  The  Non-Compute  states  arc  dis¬ 
played  in  Figs.  8  and  9  and  Table  VIII  lists  the  associated  register  transfer  notation.  Compute  states 
arc  shown  in  Fig.  10.  11, 12,  and  Tabic  IX  lists  the  register  transfer  notation.  Table  X  is  a  list  of 
boolean  equations  associated  with  the  register  transfer  statements  in  Tables  VIII  and  IX. 

Assumption.  For  the  purpose  of  this  description,  it  is  assumed  that  there  is  a  control  panel 
associated  with  the  computer  which  supplies  the  input  signals  listed  in  Table  V  (Ref  8  and  Ref  13). 
These  inputs  are  dunged  to  the  voltage  level  required  for  use  inside  the  computer.  After  this  voltage 
transformation  is  completed,  the  signal  is  renamed  and  given  a  *  designation.  The  “starred”  signals 
are  in  a  direct  logical  relationship  with  their  generating  signal:  for  example,  when  Tc  is  a  logical  “I 
T*  is  also  a  logical  “1” 

Non  Compute  States.  (Ref  11:56  and  15:1.1-2.15) 

Power  on  Random  State.  When  power  is  applied  to  the  D-17B,  the  controlling  flip-flops  will 
become  activated  in  a  random  state.  Depressing  the  “MASTER  RESET”  switch  causes  the  computer 
to  enter  a  Prepare  to  Operate  state  where  initilizalion  is  begun  (Sec  Fig.  S). 

Prcpatc  to  Operate  (nil.  In  tliis  state  tire  phase  register  is  initialized  to  an  idle  mode.  Fc  is 
turned  off  to  prevent  the  computer  from  entering  a  special  state  called  fine  countdown.  The  Discrete 
output  control  register  is  initialized  to  prevent  random  discrete  outputs  and  various  other  flip-flop  are 
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TABLE  VII 


Register  Transfer  Notation  Used  in  the  State  Description  of  the  D-17B  Computer 
Symbol  Description  of  Symbol 


(  )  Parentheses  denote  contents  of  a  register. 

(  ]  Square  brackets  denote  a  portion  of  a  register. 

o(I  ]  A  lower  case  o  in  licates  the  operand  address 

part  of  the  instruction. 

c(  ]  A  lower  case  c  in< licates  the  channel  cf  the  operand 

address. 


${  ]  A  lower  case  $  indicates  the  sector  portion  of  the 

operand  address. 

op{  ]  Lower  case  op  indicates  operation  code  portion  of 

an  instruction. 


n  ) 

*Pl  i 

i 

u  J 
A  ] 

M(P> 
M(c.s  > 

(M  <c,s  J) 


♦ 


x 


l°2 


Lower  case  f  indicates  the  flag  field  of  an  instruction. 

Lower  case  sp  indicates  next  instruction  sector 
portion  of  an  instruction. 

Lower  case  sf  indicates  the  flag  storage  location  of 
Of  a  flag  store  instruction. 

Lower  case  1  designates  the  left  half-word  of  a 
register: 

Lower  case  r  designates  the  right  half-word  of  a 
register. 

These  symbols  indicate  a  word  location  of  memory 
designated  by  P  or  by  channel  c  and  sector  s. 

This  symbol  designates  the  contents  of  the  above 
memory  word  location. 

Double  arrow  indicates  the  transfer  of  one  register 
(or  part  of  a  register)  to  another  register. 

This  symbol  means  arithmetic  addition. 

This  symbol  means  arithmetic  subtraction. 

This  symbol  means  the  multiplication  operation. 

A  colon  following  a  Boolean  statement  indicates 
that  when  the  Boolean  statement  is  true  the  sub¬ 
sequent  operations  occur. 

A  single  arrow  denotes  the  sequence  of  operations 
from  one  state  to  another. 

This  symbol  indicates  that  the  two  state  device 
(flip-flop)  l)-»  is  ”0116”  set.  "Zero"  setting  is  ex¬ 
pressed  wiih~a  preceding  zero  subscript. 
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Symbol 

♦ 


TABLE  Vll  (cont) 

Deflnitlcn  of  Symbol 

This  symbol  indicates  the  exclusive  or  operation. 
This  symbol  indicates  the  logical  and  operation. 
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Fij.  9  Non  compute  Fill-Vetify  States 
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TABLE  VIII 


Register  Transfer  Equations  of  the  Non  Compute  States  of  the  D-17B  Computer. 

Note  :  This  table  may  be  used  with  Table  X ,  the  number  in  parenthesis  to  the 
right  of  the  register  transfer  equation  designates  the  associated  equation 
in  Tabh-  X  . 


State 

State  Na.t.? 

Information  Transfer 

Random  S  ate 

Mf  :  0  »  K,  J,  Vc 

Master  Res;t 

1  ~RC 

Mf 

nl 

Prepare  to 

0  **■  P,  F  ,  Dj  ,  Q  ,  S^-*  ,  E, 

Operate 

°4’°1 

• 

1  **■  Sjjj.  D  ,  O2 

nl  T  :  1  **  J 

nl  -  n2 

n2 

Sync  Bit 

n2  tO|  :  1'  »  Oj 

0) 

Counter  1 

a2  -*■  n3 

n3 

Sync  Bit 

•  n3  o0j  :  0  ■*  Oj 

(2) 

- 

Gaunter  2 

n3  ^  :  0  »  Rc 

0~lj  i«  IA— ’1.21 

1  *»■  !■»•>  I-»4 

(3) 

n3  -*  n4 

n4 

Manual  Halt 

n4  ,04  :  1  **  0. 

(4) 

Idle  1 

n4  -♦  n5 

n4  .0.  :  I  0. 

0) 

n4-»  n7 

n4  n0->  :  1 »  0-» 

(5) 

n4-»  nh 

t»5 

Manual  Halt 

n5  o04  : 0  oOj 

(6X7) 

Interlock 

n5-*n4 

n5  00,  :  0  »0, 

(I) 

nS-*n7 

nS  Q02  :  0 

(8) 

n5-»n6 

“5  {VC  ;  1  »VC 

(9) 

nS  -»n9 

n6 

Manual  Halt 

Prepare  to 

#6  |0^  •  1  **01 
;»6-*n5 

(10) 

Load 

n6,Vc:l.Vc 

(ID 

n6-*n9 

n7 

Manual  Halt 
idle  2 

1,7  <P\  :  *  ~0| 

n7-»n4 

(2) 
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TABLE  VII!  (CONT) 


0 

Sate 

State  Name 

Information  Transfer 

h?  I$b2  *  *  ~  ^b2 
n7  o0->  ;  0  ®  0> 

"i.7  -►  n8 
n7  ,VC  :  1  •  Vc 
n7  -♦  n9 

02) 

(5) 

(13) 

n8 

Manual  Hal: 

Prepare  to 

Compute 

n8  Tx  :  0  •  J 
n8  jD  :  1  ~  D 
nS  ,K  :  1  -  K 
n8  ->  c2 

(14) 

(15) 

n9 

Wait 

n9  jRg  :  1  *  Rc 
n9  -*  nlO 

(16) 

- 

n9.Vc:0-Vc 
n9  -*n8 

(17) 

nlO 

Prepare  to 

Sample 

nlO  0RC  :  0  -  Rc 
nlO  -*■  n9 
nlO  QJ  :  0'»*  J 
nlO  -*•  nil 

08) 

(19) 

nil 

Sample 

nl1  0^3  :°  -  hi 

(20) 

o 

*T-Cpi 

li  -  hi 

nil  CRC  :  0  -  Rc 
nil  -  ni2 

(18) 

nl2 

Parity 

Check 

0,2  Cpl  :  ^3  *  So3 

n!2  Tig  :  1  *04 

n!2  O;  :  Cpj  -  Cpi.,  i  =  23.4 

Cpj  -  Cp4 

n!2  Tj4  :  0  »  0^ 

nl2  jC_j  :  1  »  C„j 
all  -  nl3  K 

(2D 

t 

nl3 

Process  Code 

Clear 

nl3  .L_  :  1  «*  Lc 

0»  L-  i  *  !,*•*  34 
nl3  CLC  :  0  •  Lc 
nl3  ,J  :  1  -  J 
nl3  -►  n9 
n!3  ,0,  :  I  *0-, 
n!3  X  :  0  -  V; 
n!3  -*  n7 

(22) 

(23) 

(24) 

(25) 

(26) 

'A 

nl4 

Delete 

Nc  Action 

Slate  Name 

Prepare  to 
Fill 


f 

t 

!  O  State 

*  BIS 


nl6  Prepare  to 

Verify 


nl7  Ofctal 

Numbers 


n!8  Location 


nl9  Enter 

fvl  FPl-Vcrify 

Idle 


(\  (r2  Fill-Vcrify 

^  Search 


TABLE  VIIKCONT) 


Information  Transfer 


nl5  003  :  0  »  03 

(27) 

n!5  jj  :  1  >»  J 
nlS  -*  n9 

(24) 

nI5  jO-»  :  1  «*  0-> 
nlS  jTe  :  0  •  v; 
nlS  -»  n7 

(25) 

(26) 

nI6  jOj  •  I  »  Oj 

(52) 

nl6  jj  :  1  »  J 

n!6  -  n!9 

(24) 

nI6  jO-y  :  1  «*  O2 
nl6  X  :  0  ~  Vc 
nl6  -*  n7 

(25) 

(26) 

nl7  jL  :  1  »  Lc 

(22) 

nl7  jO^  ;  1  »  0* 

C -  Ln 
,  P*  ,P 

**p  **  ^24 

Lo  **  *-x 
ht  *  Cp3 

Cpi  •  Cp»-1  i  »  23 

(28) 

n!7  Lc  :  0  «■  Lc 

(23) 

nl7  jj  :  1  »  J 
nl7  -*  n9 

(24) 

n!7  j(>2  :  1  •»  0-> 
nl?  „VC:0»  v; 
nI7  -*  n7 

(25) 

(26) 

nl8  ,IC  :  I  **  lc 
(L)  -1 

nlS  T  :  O  -  lc 

(53) 

n!8  |J  :  1  •»  J 
nl8  -*  nl? 

(24) 

»18,0,0VC:I  -0,  0  -Vc 

n!8  -*  n7 

(25X26) 

n!9  ,AC  :  I  **  Ac 
(L)  «*  A 

(34) 

n!9  jJ  :  1  »  J 
n!9  -►  n9 

(24) 

.19  ,0,  „VC  :  1 . 0,  .  0  -  Vc 
nl9  -»  n7 

(25X26) 

fvl  QD  :  0  »  D 

(35) 

f»l  -  fv2 

fv2  ,£^3  :  S  ♦  ij  -  (^3 

i  *  2, ••*,7 

(36) 
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TABLE  VHI(CONT) 


State 

State  Name 

Information  Transfer 

0i>  -  Cbi.7  i*8.--.12 

fv2  ,D  ,E  :  1  -  D  1  -  E 
fv2  -  IV3 

IV3 

Fill-Verify 

Wait  2 

Word  times 

(Cb)  -  c 
(M  <  C  >  **■  N 

f»3  _D  :  0  •»  D 

(39) 

fv3  -*•  fv4 

M 

Fill-Vcrify 

1*4  l*p  :  1  "*  !P 

(41) 

Execute 

(*  1 1  1  ♦*  -  *  C  I  1 

- 

<**  o!p  :  0  ~  *P 

(40) 

(A)~M<o(i)> 

(Fill  only) 

M  0E  ,D  :  .0  >♦  E  ,  1  •*  D 
fv4  fvl 

(42X43) 

M  ihl  :  1  *  h* 

(44) 

o«  vc 

n!9  -*■  nlO 

n20 

Halt 

n20  0V  :  0  *»  Vc 

(29) 

n2C  •+  n21 

n21 

Sun 

«2>  l°2  ovc  :  1  -02.°- Vc 

(25X30) 

Compute 

n21  -*  n4  -* 

n22 

Program 

Hah 

n22  ,D  0E  :  1  -  D  .  0  ~  E 
fv4  -fxl 

(14X30 

«22  1<>2  o°4  1J  :  •  ®2 

0  «*  O4 

(25) 

(32) 

1  -j 

(33) 

n22  n7  01  n4 


Information  used  to  construct  this  table  was  la«ccn 


fiom  Ref  7:  55-67  and  Ref  14:  1.1  -  2.15. 


GE/EE/72S-2 


i  o 


F<*.  11  X-Special  Compute  States 
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TABLE  IX 


Renter  Transfer  Equal  ions  for  t)ic*  Compute  States  of  the  D-17B  Computer. 

Note:  This  table  may  be  used  «ith  Table  X  .  the  number 
in  parenthesis  to  the  right  of  the  register  transfer 
equation  designates  the  associated  equation  in  Table  X 


State 

State  Name 

Information  Transfer 

cl 

Compute 

Instruction 

Search 

Vlp9S)  : 

TiOb3  : 

1  •0b3  i«  14.— - .  20 

1  «Ob2'i  =  4,17,18  ’4 

TjObj  * 

1  -  Oj,,  i  *  5.18.23.2, 

Ti°b3  : 

I  -  ld  i  *  16.17 

T22  °bl  : 

»~»d 

clTcli  : 

O-  D 

cl  -*  c2 

c2 

Instruct  km 

Read  - 
Number 

Search 

Tj  Op®  S) 

T4<>b3  : 

T50b3  : 

•  *  •  ^,3  •*  -.***3 

*-  Ob2 

‘-Ob, 

T6°b3  : 

‘-Sbl 

• 

62  TI3 

:  1  -  Nd  »  -  1£3 

*d  \  ■■ 
(M  <  Cp  >  ) 

‘-•c 
-  1 

Tn  *  0  *  »c 

O24)  -  v 

<4>"»<H*ao  ‘  *  21.22,23 

0|)  -  cbi.7 

t  =  8.--*.!2 

c2  Ijo  :  1 
*1 

-Sbl 

•  Sbj  i  *  17,18.19 

Nj  Tp  :  c2  *  c  i  i  *  4,-  -.10,  12.30.40, ~\44 

A  24  Tx  : 

c2  Ic  K  •*  :  O  K 
c2  -*  n22 
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TABLE  K(coyr) 

o 

Sute 

Sute  Name 

Information  Transfer 

• 

c2  04  Oj  O,  O’,  Tx  A’24  :  0  -  D 

c2  «♦  cl 

• 

c3 

Last  Word 

Time  of 

Execution 

• 

c3T  K*’  :  0  *•  K 

c41  -  n22 

c4 

Uncondition  U 
Transfer 

c4  N j  Tx  :  0  «*  ld,  0  •*  D 
c4  -*  c3 

63  To  :  (Cbi>~Cpi  *•  »A~ 

cS 

ConditK.nal 

Transf- 

cS  Tx  A24  :  1  **  04 
c5  *♦  c4 

c6 

Store 

c6  ,S,  ,S2  Tx  :  1  -  S,  1  •  %  (4S)  (46) 

c6  -*  c3* 

(A)  **  M  <  c[lj.s[l  )-2  ) 

c6  E^c  :  ct>  _»c3 

(A)  *>  M  (  cl  I  1.  ,  (1  ).2> 

0 

*  Tx  Cb5  Cb4  cb3  Cb2  Cbl  :  1  "  Vc 
c6  *♦  c3 

(A>,  +  Vy  -  V,  i=  1,  — ,24 

c7 

Clear  and 

Add 

c7Tx  :  1-NC 

1-  Ac 
c7  -*  c3 

(M  <  0  l  I  )  >  )  -  A 

\ 

* 

% 

c8 

Add 

c8  Tx  :  0  Ak 
c8  **c3 

(M  <  o[  1  )  >  )  ♦  (A)  •  A 

c9 

Subtract 

c9  Tx  :  0  •  Ak 
c9  -*c3 

(A)  -  (M <  0  [  I  )>)  -  A 

dO 

Split  Add 

clO  Tx  :  0  »»  Ak 
clO  -*  c3 

c3  ,AC  :  1  -Ac  (47) 

(A,)  ♦  (M  f  0  f  I  J  »  i  -A, 

i*  U,  -  ,11,14.15,  •••^4 

e3  O’,  TI2  :  O  -  Ac 

(A.)*  A,  i*  12,13 
c3  Tp  :  O  •  Ac 
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TABLE  IX(CONT) 


o 


State 

State  Name 

Information  Transfer 

ell 

Split 

Subtract 

ell  T-  :  0  *  Ak 
dl  -  c3 

c3  ,AC  :  1  ">  Ac  (47) 

(Ai)  -(M(o|  1  1  >  ) i  -Aj  i  *  U.--. 11,14,15. 
*  *‘*,24 

• 

c3  O’,  T12  :  0  »  Ac 

(A|)  **  A,  i  =  12,13 

c3  Tp  :  0  -Ac 

cl2 

X  Special 

No  Action 

cl  3 

Complement 

cl3Tx:c!3-c3 

c3  ,AC  :  1  -Ac  ^48) 

c3Ac  :  A^-  A_ 

2’s  Complement  of  (A)  **  A 

el4 

Minus 

Magnitude 

cl4  A’24  Tx  :  1  » 

d4  Cbl  Tc  :  !  -  C, 
cl4  —  cl3 

clS 

Logical 

And  To 

Accumulator 

CIS  Tx  :  clS  -  c3 

c3,aT  :  Aj.Lj-Aj  (49> 

T  i  =  1,  ,24 

cl6 

Enter  Fine 

Countdown 

cl6  :  1  ~FC 

cl7 

Hah 

Fine  Countdown 

cl7  :  0  *  Fc 

cl8 

Reset 

Detector 

cl8  :  0  •*  Df 

cl9 

Halt  and 

Proceed 

cl9  T_  :  c!9  ■*  c3 

c3  _K  :  0  *»K  (50> 

c3  *♦  n22 

c20 

Load 

Phase 

Register 

c20  Tx  :  c20  -*  c3 
c3  :  C2  -  P-. 

Cl  -  *{ 

I5-P3 

c21 

Binary 

Output 

1 

c2l  G,  :  (Aj)  ♦  l  -Aj  i=  1V.24 
c21  G’j  :  (Aj)  -  1  *»  Aj  i*  17.— 2* 

(A24)**  G| 
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TABLE  IX(CONT) 


State 

State  Name 

Information  Transfer 

c22 

Binary 

Output 

c22  C2  :  (Aj)  *  1  •*  Aj  i  *  17,-  24 

2 

c22  C2  :  (A|)  —  1  -  Aj  i  =  17,  ••  24 
(a24)  *  G, 

c23 

Binary 

c23  C3  :  (Aj)  +  1  A,  i  =  17,  -  ,24 

Output 

c23  G3  :  (Aj)  -  1  ••  Aj  i  =  17,  — ^4 

3 

A24  ~  G3 

c24 

Discrete 

c24  Tx  :  0  -  A 

Input 

c24  -*■  c3 

A 

Xf^Aj  i  =  I,*  **  ,19 

* 

Dr  **  A20 

c25 


c26 


c27 


Discrete 

Input 

B 

Discrete 

Output 

A 

Voltage 

Output 

A 


Fc  •  A2I 


a22 

a23 

A24 


c25  Tx  :  0 


Yi 


c25  -*■  ci* 

Aj  i=  I,—  ’4 


c26  T_  :  c26  -  c3 


(I|)  Dj  i  =  1,*'  ,5 


c27  T. 


Ak 


c27  *+  c3 

•VU 


I4  :  i  =  I,  •• 
I4  :  i  =  IV 

j-  V 


,8 

*,24 

JB 


c28 


c29 


Voltage 

Output 

B 


Voltage 

Output 

C 


c28Tx:  0  -Ak 
c28-  c3 


c29  Tx  :  O  -  Afc 
c29  -c3 
Ai*V3j 


I4  :  i  *  I.**' 
I4  :  «  -  17,  • 
j  *  I.*" 


J8 

••,24 

3 


I4  :  i=  V 

*4 


l\  :  i  =  17, 


1, 


■24 

3 


c30 


Y  Special 


No  Action 
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TABLE  N(CONT) 


State  State  Name 


c3l  Accumulator 

Left 

Shift 


C32  Accumulator 

Right 
Shift 


c33  Split 

Accumulator 

Left 

Shift 

o 


c34  Split 

Accumulator 

Right 

Shift 


C35  Split  Left 

Word 
Left  Shift 


c36  Split 

Right 


Information  Transfer 


(51) 


c31  :  Ij  •  Cbi  i  =  1.*'  ’  .5 

c31  (Cb)  >  1  :  Aj  *  Aj+  1  0  **AQ 

(Cb) 

c31  -D  :  c31  -*  c3 

c3(Cb)=l  :  (Aj)  =»  Aj  +  1  i  *  l»"  <23 
0*A, 

c32  :  Ij-  Cbi  i=  *•  ■*  „ 

c32  (Cb)  >  1  :  Aj  -  1  c  -  ~4 

A14  »  A24 

(Cb)‘ 1  -  Ci 


c32  0D  :  c32  -*  c3 

c3  (Cj,)  =1  :  A:  Aj.j  i  =  2,  "  ,24 
A24~  A24 

S(Cb)7  V  Aj  -Ah/  i  =  1.  ’  ’  ,1°.14,  3 


(51) 


(Cb)  -1 


0  *  Al,  A14 


c33  QD  :  c33  —  c3 


(51) 


c3  (Cb)  =1  :  (Aj)  =*  A^j  i  -  V  *  ,10,14,"*  & 

0  ~  Al,  a24 

c34  ;  Ij*»  cb3  }  “  V"*5  ...  M 

c34  (Cb)  )  1  :  Aj  =»  A|_j  r  *  ’!I*15» 


A 1 1  =»  All 
a24  *  A24 


(Cb)  1 


c34  CD  :  c34  -  c3 


c3  (Cb)  =1  :  (V  *  Ai-1  *  *  2’  *  *’ ,’15, 


(51) 

•  .24 


Ml 


Ml 


A24  *  A24 

c35  :  lj  *•  Cbi  i  =  1,  £ 

c35  (Cb)  >  1  :  (Aj)  -  Ai+i  1  =  IV*  * -3 
O  **  Aj4 

cJ5  CD  :  c35  -  c3 

c3  (Cb)  =1  :  (Aj)  «  Aj  +1  i  =  IV* '  .23 
O  »  Aj4 

c36  :  Ij*  Cw  i  =  I.  *  . 

c36  (Cb)  >  l  :  (Aj)  =»  Ai+l  »  =  I.  .10 


(5D 
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TABLE  IX  (CONT) 


State  Slate  Name 

Word 

Left 

Shift 


c37  Split  Left 

Word. 

Right  Shift 


c3S  Split  Right 

Word 
Right 
Shift 


c39 


Single 

Character 

Output 


c40 


Split 

Compare  and 
limit 


C41  Multiply 


Information  Transfer 


c36  QD  :  c36 


c3 


c3  (Cb)  =1  :  (Ajl  -  Vl  *  =  ,10 

0  **  Aj 

c37:Ii-Cbi  i-1. 
c37  (Cb)  >  1  :  (Aj)  -  Aj., 

i  =  15,  ,24 


'24 


'24 


c3  (50 

^  J  /  |/  •  **«*■»  —r 

c3  (Cb)  =1  :  (•';)  Aj+,  i  “  ,5»  *24 


c37  qD  :  c37 


'24 


Aj4 


c38  :  L 


i  =  l  •  •*  5 

•  ‘i  ^  "W  *  ’  !  =  7  .  .  •  11 

c38  (Cb)  >  1  :  A*  -  Aj.!  1  2* 


Cbi 


Ml 


Ml 


c38  0D  :  c38 


c3 


(51) 


i/  .  .  . , 

c3(Cb)=l  :  (Aj)  »  Aj.,  *  =  2,.--,H 
Aji  ~  A11 

c39  :  1:  *»  Cbi  »*  I."’*  .  . 

c39  (Cb)  )  1  :  (Aj)  *  Cj.20  »  -  21, 

c39  (Cbi)  =1  :  r  -  J  i  =  1,***,4 
c39  qD  :  c39  -*  c3 
c40  :  Aj|  =*■  CM  A24  **  J 
(M  <  ol  I  ]  >  )  -  N 

c40  r  l  (  A)  ]  >  t  l  ( N)  1:  1  •*  £b3 

c40  1  (  (  A)  ]  >  1  (  (  N)  1:  1  =  Cbl 

c40  nD  :  c40  -*  c3 
c3  Cb2  Cb4  :  r  [  (N)  1  -'1*1 
c3  Cv,  Cua  ■  2’s  complement  of 
“  M  ,  |  (N>  )  -  lAl 

c3Cb,  J'  :  1  t(N>l-l  Ul 

c3  CbJ  J  2’s  complement  of  l  (( N)J  =* 

c41  :  (A)  *>  L 

(M  <  o(  IJ  >  ) 

(L)  X  (N)  •  A 
rdt  D  :  c41  -♦  c3 


,24 


(51) 


[A] 
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State 

c42 


c43 


TABLE  IX(CONT) 


State  Name  Information  Transfer 

Split  o42  :  (1  [  AJ)  -  r  I  L) 

Multiply  (r  j  A  j)  **  1  [  L  j 

(M<  o  l  !)  >  »  N 
(1  [L])  X(r[NJ)=»  r  [  AJ 
(r  [  L])  X  (If  N  J)  -  1  IA  J 
c42  QD  :  c42  c3 

Split’  c43  :  (Cbi)  +  (Pjt  '  Cbi  i-U3 

Multiply 

Modified  1  (  l  Al  )  -  n  l  Ll 

rUAl)-  [Ll 
(  M  <  Ch,sl  ll  >  )  **  N 
(ll  Ll  f  X(rlNl  )  ^ll  Al 
c43  0D  :  c43  c3 


Information  for  this  table  war  obtained  from  Ref  7:  37-54  and  Ref  14:  5.1  -  6.13 
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TABLE  X 

Logic  Equations  Used  in  a  State  Description  of- the  D-17B  Computer. 
Equation 


Number 

Equation 

0) 

,0,  =  K*  Vc’  J  Of  S  B6  B3‘  Bs’ 

(2) 

0°1  “  K’  k  O4  0,  S  B6  B3  B5 

(3) 

0Rc  =  K’Vc  RCJSB6B3  0, 

(4) 

!04  =  1C*  V-  R’  J0j02S  T24 

(5) 

0O2  -  K’  Vc  R;  J  T24  °4  K*h 

(6) 

0°4  «  K‘  k  Rc  J  °2  T0  'm 

(7)  • 

(j04*K-vrc  r;  i  o;  T0  ^2  K-h 

(8) 

(P2‘  K’k  Rc  JT24  °4°2°I 

(9) 

,VC=  K’VC  R’  J  Tx  0,  02  F$* 

(10) 

,o2  =  k*  >rc  R*  j  o4  o2  r 

'll) 

,vc  =  K’v;  R*  JTxo4o2 

(12) 

|Sb2  *  R’  R*  J  s^3 

(13) 

lVc  «  *  Vc  Rc  J  Tx  0,  02  Fs* 

(14) 

jD  =  K’  \”  J  BJj 

(15) 

]K  =  K’  Vc  R'c  i  D'  T  3 

(16) 

,RC  =  K’VCJT*  T,  | 

(17) 

0VC  *  K*  Vc  J  Rj  Sjj2  Tx 

(18) 

0rc  *  k-  vc  r*  t,3 

(19) 

0>'R’VcRcT23 

(20) 

0Sb3  =  KMVcRcO4 

(21) 

ltp5  "  K’  Vc 

(22) 

ik  =  K’  J*  Vc  R;  Cp5  Cp3  Cp2 

(23) 

Ok*  *  T24 

(24) 

,i  =  K*  Vc  R-  Tp  Cp5 

44 


Equation 

TABLE  X  (CONT) 

Numbet 

Equation 

(25) 

!°2  =  K‘  y 

p*; 

0VC  =  K-VCR*  J  CpsS^j  Xp 

(27) 

0O3  =  K-  y  Vc  Rc  Cp5  Cp4  Cn3  CP2  Cpl  TP 

(28) 

0°4  =  Vc  Rc  }  Cp5  Cp4  T0 

(29) 

0VC  *  K‘  J*  Vc  R*  Cp5  Cp4  Cp3  Cp2  Cp,  T 13 

(30) 

0VC  =  K-  J  R‘  Vc  C?5  Cp4  Cp3  Cp2  Cp,  Tp 

(31) 

(32) 

0P4  * *  y  t24 

(33) 

,J  *  K-  3TC  KJ*  Tp 

(34) 

,AC  *  K*  J  Vc  Rg  Cp5  Cp*  Cp3  Cp2  CpI  T0 

(35) 

0D*K-3VcR;  CpS  Cp4  Cp3  Cp2  Cp,  Tp 

*  (36) 

l°b3  =  B4  (**p  *  !p  ^ 

(37) 

,D=NJ  D’  Tp 

(38) 

,E  -  E’  N*  D’  Tp 

(39) 

qD  55  K’  E  Nj  D  Tp 

(40) 

0*p  *  Ak  *x  *c  K  Tpx 

(41) 

iip  s*k  y*'c »• 

(42) 

,D  =  E  D’  Tp  K’  Vc 

(43) 

qE  =  E  D’  Tp  K’ 

(44) 

A*  '  E  D’  Tpxo  Ax  1CX  K’  °3 

(45) 

|Sj  *  O3  0,  0,  E  Q*  Cb5  Cb3  Cb2  Tx 

(46) 

,s2  *  03  02  0,  E  0’  tb5  Ch4  Cb3  CJ,,  Tx 

(47) 

,AC  *  K  E  04  O3  C*  0,  B3 

(48) 

{AC  s  KE 04  O3  02  0,EC5C4C3C2C’|  \  TpT% 

(49) 

,Ap  *  K  04  03  0>  0,  E-  C5  C4  C3  C2  C,  T*x  ^  L* 
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Equation 

Number 

(50) 

(51) 

(52) 

(53) 


Equation 

qK  x  K  E  04  03  02  O’,  C’5  c4  C*3  c2  C,  Tp 
0D=KECi5  Cm  CW  NdTx 
,03  =  K’  r  Vc  R*  Cp5  C{>4  Cp3  Cp2  Cp,  Tp 

l*c  =  Cp5  Cp4  Cp3  Cp2  Cpl  T0 


Information  Used  to  Construct  this  Table  was  obtained  from  Ref  14:  1.1  •  2.15.  5.1  -  6.13 
and  Ref  19:  5-44  -  5-162. 
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initialized  to  suit  the  syrcronuation  of  the  bit  counter  with  the  sector  track.  Control  flip-flop  O2 
and  J  are  “one”  set  to  al'.ow  transition  to  the  Sync  Bit  Counter  I  state. 

Sync  Bit  Counter  1  (n2).  This  state  is  the  second  state  during  which  synchronization  of  the 
Bit  Counter  and  the  Sect.tr  Track  is  accomplished.  As  shown  on  the  state  diagram,  a  transient  master 
reset  signal  (less  than  on  nemorv  revolution  in  duration)  will  cause  the  machine  to  recycle  through 
the  Prepare  to  Compute  State.  The  Oj  flip-flop  is  “one”  set  allowing  entry  into  the  next  state. 

Sync  Bit  Counter  2. 

Sync  Bit  Counter  2  « oSl  In  this  state  the  instruction  register  is  loaded  with  an  unconditional 
Jump  instruction  to  charni  0,  sector  0.  This  instruction  will  be  the  first  instruction  executed  unless 
a  new  instruction  » loaded  prior  to  the  computer  entering  the  compute  mode. 

After  complete  sync  ironizatjon  of  the  bit  counter  and  the  sector  track,  the  Rc  and  Oj  flip-flops 
are  “zero”  set  allowing  transition  to  the  Manual  Halt-Idle  I  state. 

Manual  Halt-Idle  I  fn4).  This  state  acts  as  a  decision  point  for  state  transition.  Three  separate 
situations  viH  cause  the  computer  to  enter  the  Manual  llalt-lnterlock  state.  If  the  previous  state  were 
n?  or  n7,  then  state  n4  was  entered  at  a  bit  time  corresponding  to  Tx  of  sector  number  0:  thus,  the 
O4  flip-flop  wiB  be  “one”  set  prior  to  the  occurrence  of  any  other  state-determining  transition. 

A  third  situation,  which  could  cause  transition  from  n4  to  n5,  arises  when  the  computer  control 
twitch  is  placed  into  “Halt”  or  “Single  Step”  during  a  compute  operation.  State  n4  will  be  entered 
from  Program  Halt  and  transition  will  occur  to  state  n$  or  n7  depending  on  the  0|  flip-flop  state 
wiB  be  determined  by  the  instruction  that  was  being  executed  when  the  compute  switch  was  placed 
in  the  Halt  or  Single  Step.  State  n7  may  be  the  next  state  entered  if  the  previous  state  were  nS.  In 
this  case,  n4  was  entered  at  a  bit  time  corresponding  to  T j  of  sector  177,  thus  allowing  the  Oj  flip- 
flop  to  be  “one”  set  according  to  equation  (I)  Table  X. 

State  n8.  Prepare  to  Compute,  wifi  be  entered  if  the  “Compute”  switch  is  not  in  a  “Halt” 
position  and  b  ”*cro”  set.  S^j  b  a  flip-flop  that  is  “one”  set  as  the  result  of  a  verify  or  parity 
error. 

Manualjlalt-lmcrlock  <nS).  If  there  b  no  Mechanical  Reader  Input  Signal  (IJJJ  )  present  or  if  a 
“Halt”  command  b  present  from  the  "Compute”  Switch  or  if  a  Sprocket  timing  Interlock  signal 
(T**>  b  present  with  no  Fill  Signal,  the  computer  wifi  cycle  between  states  n6  and  n$.  Similarly,  a 
cycle  wifi  exist  through  n7.  n4,  and  nS  if  a  Mechanical  Reader  Input  signal  b  present  with  no  FiO 
signal  (F* ).  Ifc'ait”  state,  n9,  will  be  entered  if  a  Fill  signal  b  present.  Thus  Manual  llalt-lnterlock, 
nS,  acts  as  an  interlock  for  the  state  transition  process  of  the  computer. 
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Manual  Halt-Prepare  to  Load  (n61.  Prepare  to  Load  state  is  entered  if  a  device  such  as  a  photo 
reader  is  used  for  loading.  From  this  state,  transition  will  be  back  to  nS  if  a  Sprocket  Timing  interlock 
Signal  (T*’>  is  present  or  to  the  Wait  state.  n9,  if  no  T*‘  signal  is  present. 

Manual  Halt-Idle  2  ( i?>.  The  Manual  Hall  •  Idle  2  state  serves  as  a  timing  delay.  From  this  state 
the  computer  will  enter  n  t  if  the  compute  switch  is  in  the  “Halt"  position  and/or  a  Parity  Error  has 
occurred.  If  no  parity  01  verify  errots  lave  occurred,  the  next  state  will  be  n8,  the  Prepare  tc  Compute 
State.  In  the  event  th3t  a  Fill  signal  (I'x*)  occurs,  the  next  state  will  be  n9. 

Prepare  to  Compute  ■  r8>.  In  the  Prepare  to  Compute  State  initialization  of  several  flip-flops  is 
accomplished  in  prepa ratio  i  for  entry  in  the  Number  Search  State  of  Compute.  J  must  be  “one”  set 
allowing  the  D  flip-flop  to  be  “one”  set.  Then  when  agreement  is  reached  between  sector  trad:  and 
the  Number  Register,  K  is  “one"  set. 

Wait  (n9).  -  Flip-flops  are  initialized  to  receive  the  Input  Load  code  in  the  Wait  State.  The 
computer  will  cycle  between  this  state,  n9,  and  Prepare  to  Sample.  nlO.  until  the  Sprocket  Timing 
Interlock  signal.  T*\  has  reached  steady  state.  If  a  verify  error  occurs  the  Idle  2  state  will  be  reentered. 

Prepare  to  Sample  (nlO).  The  primary  purpose  of  the  Prepare  to  Sample  state,  nlO.  is  to  allow 
the  Sprocket  Timing  Interlock  signal  to  reach  steady  state  as  described  above.  When  this  occurs,  the 
computer  will  remain  in  the  Prepare  to  Sample  state  until  bit  time  T-»^  occurs  and  will  then  transition 
to  the  Sample  state,  nl  1. 

Sample  fnl  1).  During  the  Sample  state  the  computer  will  load  the  information  on  Input  Lines 
1 1*  through  I5*.  Note  that  flip-flops  Cpj  through  C^  were  “zero”  set  in  state  n9  and  will  be  “one” 
set  only  by  an  I*  input.  At  bit  time  T jj  the  computer  will  enter  the  Parity  Check  state. 

Paritv  Check  fnl 21.  Flip-flops  So3  will  toggle  on  Cpj  as  Cpj  through  C^  complete  a  circular 
shift.  This  circulation  will  occur  on  each  bit  tintc  wlicn  the  0^  flip-flop  «s  “one”  set.  In  order  to 
insure  tirculalion  for  only  five  bits  times  the  0^  flip-flop  is  “one”  set  on  bit  time  T20  and  “zero”  set 
cn  bit  T-»_j.  “Oae”  setting  the  Cpj  flip-flop  will  allow  a  change  to  one  of  the  Process  Code  states 
depending  upon  the  contents  of  the  Input  Lines. 

Clear  (n!3).  The  dear  load  code  causes  the  Lower  Accumulator.  L.  to  be  filled  with  zeroes. 
"One"  setting  the  I.c  flip-flop  allows  new  information  to  be  read  into  L  starting  with  bit  time  T0. 

Then  the  Cpj  flip-flop  is  copied  into  the  Lp  flip-flop  at  bit  times  Tj  through  T-*^.  At  T-»4  the  Lp 
flip-flop  *s  “zero”  set  preventing  new  information  from  being  read  into  the  L-loop.  If  a  parity  error 
is  indicated  by  a  at  bit  time  Tp.  the  next  mode  will  be  n9;  however,  if  no  parity  error  occurs,  the 
computer  will  go  to  slate  n7.  tlie  Wan  Slate. 

When  the  input  hues  arc  ail  “ones”  no  action  is  taker,  by  the  computer.  Tlii» 
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command  can  be  used  as  i  space  in  input  tape.  Five  “zeroes”  are  not  used  as  a  Delete  command  be- 
cause  the  flip-flop  would  indicate  a  parity  error. 

Prepare  to  Fill  (n  13).  The  Prepare  to  Fill  State  is  a  preparation  state  for  filling  the  memory. 
After  the  Fill  command  s  processed,  the  succeeding  Load  codes  will  be  loaded  into  memory  until 
“Halt”  or  "Start  Compute"  commands  arc  processed,  in  the  event  a  parity  error  occurs,  the  next 
state  will  be  n7:  if  no  pat:  y  error  occurs,  n9  will  be  next. 

Prepare  to  Verify.  T  «  Prepare  to  Verify  State.  n!6.  is  analogous  to  the  Prepare  to  Fill  State. 
Once  the  computer  cycles  through  this  state  (caused  by  processing  a  load  code  lj  Ij  !-» lj  )  the 
succeeding  load  codes  will  ot  compared  with  the  contents  of  memory  as  specified  by  the  instruction 
Register.  This  actual  open  t ion  will  be  executed  as  the  result  of  an  Enter  command  and  will  therefore 
be  described  as  part  of  the  Enter  state.  Exit  from  this  Prepare  to  Verify  is  similar  to  that  of  the 
Prepare  to  Fill  sure. 

Octal  Numbers  (nl7).  In  this  state  the  octal  numbers  teceived  from  the  input  lines  will  be 
stored  in  the  L  register.  Any  number  of  octal  codes  may  be  loaded,  but  only  eight  sets  of  octal 
digits  may  be  stored  in  the  Lower  Accumulator  at  one  time.  Octal  Numbers  that  are  shifted  out  of 
L  are  lost.  Exit  from  this  stale  is  similar  to  those  of  the  other  Process  Code  states. 

*  Location  (nIS).  In  this  state,  nl8,  the  contents  of  the  L  register  is  transferred  to  the  instruction 
register.  This  information  will  contain  the  mentors'  location,  channel  and  sector  number,  that  will  be 
used  to  start  Fill  and  Verify  operations. 

The  I£  flip-flop  is  “one”  set  at  bit  time  T0  allowing  new  information  to  be  written  in  the  I 
register,  then  it  is  “zero”  set  at  bit  lime  T24  after  L  is  transferred  to  !. 

Enter  (n!9>.  In  this  state,  n!7,  the  contents  of  the  lower  accumulator  will  be  loaded  first  into 
the  accumulator,  then  into  memory  if  a  Prepare  to  Ful  state  had  initiated  a  fill  operation.  The 
contents  of  the  Accumulator  and  memory  will  be  compared  if  a  verify  operation  had  been  initiated 
by  the  machine  when  cycling  through  the  Prepare  to  Verify  state.  The  location  of  memory  involved 
in  the  above  operation  is  specified  by  the  Instruction  Register.  If  a  parity  error  is  detected,  transition 
will  be  from  nl9  to  n7.  otherwise  an  error-free  operation  will  allow  the  computer  to  go  from  the 
Enter  state  to  the  Wait  slate. 

At  this  point  it  is  necessary  to  define  a  set  of  four  states  that  the  computer  cycles  through 
during  a  Fill  or  Verify  operation.  (A  Fill  or  Verify  operation  results  after  the  computer  has  success¬ 
fully  cycled  through  the  Prepare  10  Fill  or  Prepare  to  Verify  states  and  will  continue  until  the  Halt  or 
Start  compute  state  is  toadied.)  These  four  stares  are  calkd  Fill-Vcrify  Idle,  fvl;  Till-Vcrify  Nuntbcr 
Search.  fv2;  Fill-Verity  Wait  2  Word  Times,  fv.t;  and  Fill-Verity  Execute.  fv4.  The  computer  cycles 
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through  these  states  am;  ltancously  as  it  passes  through  the  Enter  state.  A  state  diagram  of  this  fout- 
state  operation  is  depicted  in  Fig.  9.  These  states  will  be  discussed  in  conjunction  with  the  Enter  state, 
since  they  occur  simultaneously  beginning  in  the  Enter  aate.  The  action  taken  by  the  computer  will 
vary  with  the  pari  of  nonary  that  is  to  be  filled  or  verified,  thus  it  is  necessary  to  consider  not  only 
the  Enter  state  and  the  f»  ur-state  cycle  described  above,  but  also  the  part  of  the  memory  involved  in 
this  operation. 

Fill- Verify  Idle  (fvj)  During  the  Fill-Vcrify  Idle  aate  the  Lower  Accumulator  is  copied  into 
the  accummulatot.  “Zero  '  setting  the  D  flip-flop  causes  transition  to  fv2.  the  Number  Search  State. 
This  tnnsitkm  occurs  shn-iltaneously  with  a  transition  from  n!9  to  n9  states. 

FIB-Verify  Number  Search  (fv21.  During  this  state  agreement  is  established  between  the  Sector 
Trade  and  the  operand  sector  part  of  the  1  register.  This  comparison  is  made  by  the  flip-flop 
during  bit  times  Tj  through  T 7.  The  operand  channel  part  of  the  1  register  is  copied  into  the  Cp 
register  and  channel  agreement  is  established.  The  D  and  E  flip-flops  are  “one”  set  to  cause  transition 
to  the  Wait  Two  Word  Tunes  State. 

RP-Verify  Wait  Two  Word  Times  (fv31.  During  the  Wait  Two  Word  Times  state  the  Channel 
Buffer  is  coped  into  the  Channel  Register.  The  Number  Register  copies  the  contents  of  memory  as 
specified  by  the  Channel  Register.  “Zero”  setting  the  D  flip-flop  causes  transition  to  the  Fill-Vcrify 
Execute  State. 

FiH-Verify  Execute  ffv4>.  For  both  Fill  and  Verify  operations  the  operand  sector  part  of  the  1 
register  will  be  augmented  by  one  in  this  state.  For  Fill  operations  the  contents  of  the  Accummulator 
will  be  tramferred  to  a  memory  location  as  specified  by  the  Operand  Address  part  of  the  1  register. 
After  the  Fill  operation,  transition  is  made  to  the  Fill-Verify  Idle  State.  Verify  operations  are 
different  in  two  ways.  First,  the  contents  of  the  Accummulator  and  the  Number  Register  are 
compared.  If  agreement  occurs,  S^  flip-flop  will  remain  “zcio”  set  and  the  next  state  win  be  fvl. 
Disagreement  is  indicated  by  Sb2  “one”  setting  and  the  next  state  will  be  a  Manual  Halt  state. 

Halt  (n20).  When  the  “Halt”  code  is  processed  the  Halt  state  will  be  entered  and  the  Vc 
flip-flop  wi*l  be  “zero”  set  causing  a  transition  to  the  Program  Halt  state. 

Start  Compute  fn21).  The  Start  Compute  command,  when  entered  on  the  Input  lines,  will 
cause  the  computer  to  enter  the  Manual  Halt  Idk  I  State  before  transitioning  to  the  Prepare  to 
Compute  and  Compute  States.  If  a  parity  error  occurred  while  processing  the  code,  the  computer 
will  net  transition  from  the  Manual  Halt  states. 
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ftogam  Halt  fn22>  four  separate  conditions  may  cause  the  computer  to  enter  n22.  the  Program 
Halt  state:  (1)  ll‘  a  “Halt”  load  code  is  successfully  processed,  the  computer  will  enter  n7  before  re* 
turning  to  Manual  Halt  IJ'e  states.  (2)  A  halt  instruction  may  be  executed  in  the  compute  states. 

(3)  If  the  Compute  Switct  is  not  in  the  “Run”  position  when  a  new  instruction  is  found  the  com¬ 
puter  «r31  return  to  Progr  mi  Halt  state  from  the  “Last  Word  Time  State"  of  compute.  (4)  If  during 
the  Number  Search  state  of  compute  the  “Compute  Switch"  is  not  in  “Run"  and  an  instruction 
search  is  required  to  loan  a  new  instruction  the  computer  will  enter  n22.  In  all  cases  the  computer 
prepares  to  enter  one  of  tl  e  Manual  Halt  idle  states  during  the  Program  Halt  state.  The  actual  Idle 
state  catered  depends  upon  the  state  of  the  Oj  flip-flop  which  was  set  by  the  instruction  being  ex¬ 
ecuted  when  state  n22  entered. 

If  state  n22  were  entered  as  the  result  of  processing  a  Halt  command  during  a  fill  or  verify 
operation,  the  O  and  E  flip-flops  would  be  set  to  cause  the  computer  to  simultaneously  enter  the 
Idle  state  of  the  Fill-Verify  operation. 

Compute  States.  Ref  (11:25)  and  (15:5.1  -  6.13) 

The  Compute  States  of  the  D-17B  are  controlled  by  sever  major  control  flip-flops.  The 
K  flip-flop,  when  “one”  set,  indicates  that  the  compu:er  is  in  one  of  the  "compute"  states.  The 
various  states  of  compute  are  then  controlled  by  the  D  and  E  flip-flop.  When  the  E  flip-flop  is 
“one”  set  an  instruction  is  being  executed.  The  D  flip-flop,  when  “one"  set.  indicates  that  an  in¬ 
struction  search  is  in  progress  and  when  "Zero"  set  indicates  instruction  read  and/or  operand  search 
is  in  progress.  The  four  flip-flops  of  the  Operand  Storage  Register.  Oj  through  Oj.  determine  the 
instruction  that  will  be  executed. 

Instruction  Search  (cl).  The  Instruction  Search  State  as  defined  in  this  report  will  be  the  state 
indicated  by  the  flip-flop  settings  K  D  E\  It  is  not  necessary  for  this  state  to  occur  with  the  execution 
of  every  instruction. 

If  a  program  i*  optimally  coded,  a  new  instruction  can  be  read  into  the  I  register  during  the 
execution  of  the  present  instruction.  In  this  case,  the  instruction  search  operation  was  performed  as 
a  result  of  the  forethought  of  the  programmer.  Similarly,  the  Instruction  Rad-Number  Search  Sta'e 
may  also  be  avoided  by  astute  programming.  In  this  case  the  computer  would  cycle  between  the 
two  states  of  Execute  without  actually  performing  an  instruction  or  operand  search. 

instruction  agreement  occurs  when  the  memory  location  addressed  by  "next  instruction"  part 
of  I  is  in  a  position  to  be  rad  by  the  computer.  Monitoring  for  this  condition  is  performed  by  the 
buffer  flip-flops  O^j  and  0^->.  These  two  flip-flops  arc  monitored  by  the  1^  flin-flop  which  controls 
the  D  flip-flop.  When  the  D  flip-flop  becomes  “zero"  set.  transition  to  state  c2  occurs. 
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Instruction  Read-N  lmbcr  Scaich  fc2>.  Instruction  Read-Number  Search  state,  c2,  is  a  dual  function 
state  defined  by  DE*  flip-flop  conditions.  Like  the  Instruction  Search  State,  this  state  may  not  necess- 
airly  be  realized  with  the  execution  of  every  instruction.  One-half  of  the  dual  function  of  the  state  may 
be  exercised.  For  exaini  le.  the  next  instruction  may  be  found  and  read  during  the  Execution  State 
and  the  computer  may  c  cle  to  state  c3  for  the  Number  Search  function  alone. 

For  number  agree  rrnt  the  information  in  Ip  at  bit  times  T-»  •  ?g  must  agree  with  the  Sector 
track,  S.  Since  the  loops  are  effectively  separate  channels  of  4, 8, 16  word  length  more  than  one  flip- 
flop  is  needed  to  check  agreement  for  ail  channel  lengths.  Rip-flop  O^-,  monitors  for  agreement  for  the 
4  word  loops,  Ogj  monitors  for  8  word  loops,  Sg  j  for  16  word  loops  and  0^  monitors  for  the  full 
channel  length,  128  word.*.  The  Nj  flip-flop  is  the  primary  number  agreement  monitor  and  is  changed 
by  the  above  number  agreement  flip-flops  at  bit  time  Tj-j. 

Instruction  Read  is  accomplished  by  setting  the  desired  memory  channel  into  the  Cp5  through 
Cp|  flip-flops.  When  the  flip-flop  indicates  Instruction  agreement,  the  lc  flip-flop  is  “one”  set 
allowing  the  new  instruction  to  be  read  into  the  1  register.  Bits  are  read  into  the  Operand 

Buffer  Register,  and  I|^>  •  Ig  are  read  into  the  channel  buffer  register,  if  the  instruction  is  a  flag-store 
instruction  (1^  =1)  the  flag  channel  information,  Ijg,  Ijg.  and  Ij7  is  read  into  the  Flag  Code  Buffer 
Register.  If  the  instruction  is  not  a  flag  store  instruction,  the  Flag  Code  Buffer  Register  is  loaded  with 
“zeroes.” 

From  this  state,  c2,  transition  will  be  to  one  of  the  instruction  execution  states  or  to  d  in  the 
case  of  the  transfer  on  minus  instruction  with  a  positive  accumulator  (see  state  c4  description).  If  the 
Compute  Switch  is  nor  in  the  “Run”  position  when  the  Ic  flip-flop  is  “one"  set  to  read  a  new  instruction, 
the  computer  will  go  to  Non  Compute  Program  Halt,  n22. 

UrtWqrd.Timc  of  Execute  ,(c3).  The  Last  Word  Tune  of  Execution.  c3,  will  be  discussed  in 

conjunction  with  the  execution  of  each  of  the  instruction  states  since  during  this  state  the  operation 

started  in  each  of  the  instruction  states  is  completed.  For  all  one-word-time  instructions  (Og  =  1), 

% 

the  instruction  defining  state  is  entered  for  the  first  bit  time  of  execution  and  then  the  computer 
transitions  to  c3  to  complete  the  operation. 

This  state  acts  as  a  decision  point  for  the  computer  »o  exit  the  Compute  Mode.  If  the  Compute 
Switch  is  not  in  the  “Run”  position  and  a  new  instruction  b  found,  the  computer  nil!  go  to  state  n22y^ 
Non  Compute  Program  Halt. 

Unconditional  Transfer  (c4).  The  word  format  of  the  D-17B  makes  no  provision  for  specifying 
the  channel  of  the  next  instruction.  Thus,  there  must  be  a  command  to  change  channels  of  operation. 
Tlic  Unconditional  Transfer  b  a  “jump"  instruction  that  b  used  for  thb  purpose.  In  thb  “jump” 
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instruction  the  sector  of  next  instruction  field  is  ignored  and  the  complete  operand  address  serves  as 
the  address  of  the  next  instruction.  The  new  channel  address  is  contained  in  the  Operand  channel 
portion  of  the  transfer  instruction.  Tlus  information  was  shifted  to  the  program  channel  buffer 
register  during  the  instruction  search  operation.  At  bit  time  T0  the  program  Channel  Buffer  Register 
is  parallel  loaded  into  the  Program  Channel  Register. 

Instruction  agreement  is  controlled  by  the  number  agreement  flip-flop  which  determines  the 
sector  of  the  new'  instruct  on  from  bits  ly  through  Ij  of  the  present  instruction. 

Conditional  Transfer  fc5).  The  decision  for  the  Conditional  Transfer  operation  is  made  in 
state  c2.  If  bit  A-»^  is  zero,  the  accumulator  is  positive  and  the  computer  returns  to  state  ct  to 
search  for  the  instruction  is  indicated  by  sp  [  I  ]  .  A  “l"  in  bit  position  A-,^  indicates  that  the 
accumulator  contains  a  ne  jative  number  and  the  computer  goes  to  state  c3  and  selects  the  new  in¬ 
struction  as  indicated  by  o  (  I  ]  . 

Store  Accumulator  fc6).  The  Store  state  must  be  considered  for  four  different  situations; 
storing  in  channel  50.  storing  in  channels  0046,  storing  in  the  loops,  and  flag  storing. 

Storing  in  channel  50  or  "hot  storage  writing"  is  initiated  by  setting  the  S.  flip-flop  to  the  channel 
50  store  code,  then  the  Accumulator  is  copied  directly  into  channel  50  and  in  a  sector  two  octal- 
numbers  less  than  the  sector  of  s  f  I J  .  This  two-sector  difference  is  accounted  for  by  the  fact  tiiat 
the  write  heads  are  separated  from  the  read  heads  by  two  sectors. 

In  order  to  store  information  in  channels  0046  an  EWC  signal  must  be  present,  enable  write 
switch  must  be  on.  For  selecting  channels  0046  the  computer  utilizes  a  separate  selector  swilch  for 
each  channel.  This  selection  is  accomplished  using  the  contents  of  Channel  Storage  Register.  The 
Accumulator  is  then  stored  in  the  memory  address  specified  bv  (he  op  [  I J  minus  two  sector  positions. 

Storing  in  the  E,  F,  II  loops  is  similar  to  storing  in  channel  50  except  the  Sj  flip-flops  are  set  by 
the  contents  of  the  channel  buffer  register. 

Storing  in  the  V  and  R  loops  may  be  accomplished  if  the  computer  is  not  in  Fine  Countdown 
mode  (FCI)  (Sec  state  c!7).  In  this  case  the  contents  of  A  is  added  to  the  incremental  input  at  the  time 
of  execution. 

A  special  case  results  when  the  Tig  bit  of  any  instruction  is  "1".  This  “flag”,  "1”  in  T->q,  b 
used  to  execute  two  operations  with  one  instruction.  The  contents  of  the  Accumulator  will  be  stored 
in  the  channel  indicated  by  the  contents  of  bits  lj9  •  Ijy.  Tins  means  that  the  sector  of  next  in¬ 
struction  field  of  the  instruction  being  executed  b  limited  to  the  four  bits  lj6  -  Ip  and  the  next  in¬ 
struction  must  be  within  the  next  16  sectors.  Flag  storing  b  accomplished  in  the  following  steps: 

The  Flag  store  buffer  register  b  loaded  with  the  contents  of  I|9  •  i j-  during  state  c2.  During  the 
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execution  of  the  instiuc  Jon  the  Flag  Store  Buffer  register  is  parallel-loaded  into  the  flag  store  register. 
This  information  is  used  to  select  the  proper  write  heads  for  writing  the  Accumulator  contents  into 
memory. 

Clear  and  Add  (:7).  State  c?  initiates  the  clear  and  add  operation,  in  wMch  the  contents  of 
memory  as  specified  by  the  operand  address  is  transferred  to  the  Accumulator.  In  state  c7  the  Nc 
flip-flop  is  “one"  set  alh  wing  the  selected  contents  of  memory  to  be  read  into  the  Number  register. 

In  state  c3  the  operation  is  completed,  the  selected  contents  of  memory  is  read  into  the  accumulator. 

Add  (c81.  State  cf  initiates  the  add  operation  in  which  the  memory  contents  as  specified 
by  operand  address  is  added  to  the  accumulator.  The  sum  is  then  stored  in  the  accumulator. 

Subtract  (c91.  Subtraction  is  accomplished  by  the  hardware  as  addition  in  the  D-17B;  however, 
the  cany  operation  of  addition  is  converted  to  a  borrow  operation  by  a  “one"  in  the  0>  flip-flop. 

Sfif.ll . Add  (<;)0)-  During  the  split  add  operation  the  split  word  contents  of  the  accumulator 

is  added  to  the  corresponding  parts  of  memory  and  the  sum  is  stored  in  the  split  word  portions  of 
the  accumulator.  At  bit  times  Tj2  and  T j 3  the  A£  flip-flop  is  “zero"  set  allowing  the  contents  of 
Aj2  and  Ajj  to  remain  unchanged. 

Split  Subtract  fcl  1).  The  split  subtract  operation  is  similar  to  the  split  add  operation,  except 
that  the  split  word  contents  of  memory  location  specified  by  o  [  I  ]  is  subtracted  from  the  contents 
of  the  Accumulator. 

X  Special  (cl21.  No  action  is  performed  in  the  X  special  state.  It  serves  only  as  a  decision  point 
for  the  computer  to  enter  a  special  set  of  states  that  require  one  word  time  to  complete  and  do  not 
tequite  access  to  the  computer  memory.  The  Channel  Storage  Register  contents  are  used  to  select 
the  X  Special  State  that  will  be  entered  from  cl2.  In  this  special  operation  the  channel  storage  re¬ 
gister  serves  as  an  auxiliary  operation-code  storage  register.  Since  all  the  S  special  operations  are  one 
word  time  instructions,  the  specific  X  special  state  serves  to  define  the  operation  and  much  of  the 
actual  operation  is  performed  in  state  c3. 

Complement  fcl 3).  The  complement  operation  causes  the  2’s  complement  of  the  Accumulator 
to  be  read  into  the  accumulator.  The  accumulator  is  circulated  and  the  Ac  flip-flop  is  “one”  set 
by  the  first  “one"  in  the  Accumulator.  All  succeeding  bits  of  the  accumulator  are  complemented. 

Mmus_M3.gnh.udc_  (c!4).  When  the  computet  enters  the  Minus  Magnitude  state.  cl4,  the  sign 
of  the  Accumulator  is  tested.  If  the  Accumulator  is  negative  no  action  is  taken:  if  the  Accumulator 
is  positive  the  C^j  flip-flop  Is  “one”  set  and  copied  into  the  Cj  flip-flop .  thus  generating  a  complement 
instruction. 
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Logical  And  to  Accumulator  fclS).  Entering  state  clS  causes  the  corresponding  bits  of  the 
Accumulator  and  Lower  Accumulator  to  be  logically  “andcd”. 

Enter  Fine  Countdown  (cl 6).  Entering  the  Fine  Countdown  causes  the  Fc  fiip-tlop  to  be  “one” 
set.  This  places  the  computer  into  a  parallel  operation  ailed  Fine  Countdown.  During  Fine  Countdown 
the  V  and  U  loops  form  a  digital  integrator.  This  operation  will  continue  until  the  Halt  Fine  Count' 
down  State  is  entered. 

Halt  Fine  Countdown  (cl7).  Entering  the  Halt  Fine  Countdown  state,  c!7,  causes  the  Fine 
Countdown  flip-flop,  Fc,  o  be  “zero"  set. 

Beset  Detector  (c!8».  When  the  Reset  Detector  state  is  entered,  the  Dr  flip-flop  is  “zero”  set. 

The  Df  flip-flop  is  “one”  set  by  Ig  . 

Halt  and  Proceed  fc  19).  Entering  state  cl9.  Halt  and  Proceed  causes  the  computer  to  enter  state 
c3  and  then  state  n22.  Program  Halt. 

Load  Phase  Register  (c20).  The  Load  Phase  Register  special  instruction  causes  C->  to  be  loaded 
into  P2  and  Cj  is  copied  into  P2.  P3  copies  the  lx  flip-flop  at  bit  times  Tj  through  T5.  State  c20 
is  defined  by  three  of  the  C  flip-flops ,  C5,  C4,  C3;  the  remaining  two  C  flip-flops  may  be  either  “one” 
or  “zero”  set.  The  actual  purpose  in  setting  the  Phase  Register  will  be  discussed  in  conjunction  with 
states  c27. 

Birurv  Output  (c2I.  c22.  c231.  Binary  Incremental  Output  States  may  be  discussed  simultaneously. 
These  states  differ  only  in  the  sense  that  state  c2l  involves  output  flip-flop  Gj .  c22  involves  Gj.  and 
c23  involves  Gy  Only  the  first  state,  c21,  will  be  discussed  because  the  discussion  is  directly  appli¬ 
cable  to  all  three  slates  by  substituting  the  proper  Gj  flip-flop  in  state  c2i,  where  i  =  1 2,  or  3. 

In  state  c21  the  state  of  the  GJlip-flop  is  checked,  if  Gj  equals  **!”  the  first  eight  bits  of  A 
is  treated  as  a  word  and  -*-1  is  added  to  that  word.  If  Gj  equals  “O"  a  1  is  subtracted  from  the  word 
formed  by  the  first  eight  bits  of  A.  After  one  of  the  above  operations  is  accomplished  the  Gj  flip- 
flop  copies  the  sign  bit  of  A. 

Discrete  Inruts  (c24.  c25).  In  both  discrete  input  operations  a  set  of  twenty-four  discrete  input 

lines  and  flip-flops  are  sampled  and  rad  into  the  A  register.  For  3  Discrete  Input  A,  DIA,  operation 
the  discrete  input  lines  Xj  through  x,9  and  flip-flops  Df,  Fc,  P3.  Pj.  P2  replace  bits  Aj  through  A>4 
respectively. 

During  the  operation  initiated  *v  state  c25,  DIB  the  discrete  lines  Yj  through  Y->4  replace  bits 
A|  through  A->4  respectively.  The  actual  information  transfer  described  in  these  stales  takes  place  in 
state  c3;  however,  the  states  c24  and  c25  serve  to  define  the  operation  to  be  performed  in  state  c3. 


or  oi*  0*'  -  or  ot  o«*  *  o*  or  o*' 
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Discrete  Outputs  (er:6).  The  operation  initiated  by  state  c2  ,  Discrete  Output  A,  causes  the  bits 
Ij  through  I5  to  be  loaded  into  the  Discrete  Output  Register,  D  j  through  Dj.  Thus,  the  discrete  output 
lines  may  be  changed  as  dtpicted  in  Figure  13. 

Voltage  Output  (c2~, c28.  c29).  The  Voltage  Output  States  ate  identical  in  concept.  The  function 
of  these  states  varies  only  in  the  physical  location  of  the  output  voltage. 

Three  Voltage  Outoot  Registers  are  loaded  with  the  split  word  contents  of  A .  If  1^  is  “1”  the 
fight  half  of  A  is  loaded  and  if  1^  is  “0“  the  left  half  of  A  is  loaded. 

The  states  c27,  c28.  ;29  determine  which  set  of  Voltage-Output  flip-flop,  Vij-Vjg,  (i=l ,  or  2,  or  3) 
will  be  loaded  from  A.  If  c27,  VOA,  is  entered  Vj  j-V-,g  to  be  loaded;  and  c29,  VOC.  causes  V31V3S 
to  be  loaded  with  the  pro*  er  half-word  of  A. 

The  Phase  Register  a  so  affects  the  output  location  of  each  voltage  line.  The  setting  of  the  Phase 
Register  is  necessary  to  direct  the  voltage  outputs  as  shown  in  Table  VI. 

V  Special  State  (c301.  The  Y  Special  State,  c30,  senes  only  as  a  decision  point  for  entering  specific 
states  c31  through  c38.  Operations  initiated  by  the  Y  Special  State  do  not  require  access  to  Memory; 
however,  they  do  require  more  than  one  word  time  to  complete. 

Accumulator  Left  Shift  (c31).  A  left  shift  operation  is  accomplished  in  the  D-17B  by  adding  an 
extra  flip-flop,  A^-  to  the  A  loop  for  the  number  of  word  times  equal  to  the  number  of  shifts  required. 
The  number  of  shifts  is  specified  by  I]  through  I5.  This  number  is  loaded  into  the  Channel  Buffer 
Register  and  counted  down  at  each  word  time. 

Accumulator  Right  Shift  (c32).  State  c32  initiates  a  right  shift  of  the  Accumubior.  To  accomplish 
this  operation  the  Ap  flip-flop  is  removed  from  the  iccirculation  loop  of  the  Accumulator.  The  number 
of  right  shifts  required  is  indicated  by  I  j  through  I5  and  the  Ap  flip-flop  remains  out  of  tire  A  loop  for 
that  number  of  word  times.  If  the  Accumulator  is  positive,  zeroes  are  filled  into  the  vacated  bits; 
however,  if  the  Accumulator  contains  a  negative  number,  l’s  replace  the  bit  positions  vacated  by  the 
right  shift. 

Split  Accumulator  Left  and  Split  Accumulator  Right  Shift  (c33.  c34\  The  discussion  of  states 
c31  and  c32  arc  directly  applicable  tc  the  states  c33  and  c34  tespec’wely.  In  the  split-shift  states  the 
left  and  right  half-words  of  the  Accumulator  are  shifted  the  same  number  of  bit  positions  but  arc 
treated  as  separate  words. 

Split  Left  Word  Loft  Shift  (c35>.  State  c35  initiates  an  operation  which  causes  the  left  half¬ 
word  of  the  Accumulator  to  be  shifted  left  by  rhe  number  of  bit  positions  specified  in  l|  through  Ij. 

The  discussion  of  state  c3l  is  applicable  to  this  state,  except  that  bits  Aj_j  through  A-^  only  are  affected. 
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Split  Right  Word  left  Shift  (c36).  Bits  Aj  through  Ajq  only  arc  affected  by  the  Split  Right  Word 
Left  Shift  operation.  As  implied  by  the  state  name,  the  right  half-word  of  the  A  register  is  shifted  left. 

Split  left  Word  Rii  ht  Shift  fc37>.  State  c37  initiates  a  right  shift  of  the  left  half-word  of  the 
Accumulator.  As  in  all  right  shift  operations,  if  the  half-word  were  positive,  the  bits  vacated  by  the 
shifting  are  filled  with  zeroes  and  if  the  'talf  word  were  negative ,  l's  are  filled  into  the  vacated  bit 
pcsiticcis. 

Split  Right  Word  Kirin  Shift  I  oS).  State  c37  initiates  a  right  shift  of  the  right  half-word  of  the 
Accumulator.  The  discus.' ion  of  c37  is  directly  applicable  to  this  state  except  the  right  half-word  is 
drifted. 

Single  Character  Ou  put  (c39).  The  operation  initiated  by  state  c39  shifts  the  four  most  signifi¬ 
cant  bits  out  of  the  Acctmubtor  and  presents  them  to  the  four  character  output  lines.  A  fifth 
character  output  line  is  used  as  a  parity  line.  This  information  is  presented  an  the  character  output 
lines  for  the  number  of  word  times  specified  in  s  {  i  ]  . 

The  Single  Character  Output  operation  is  accomplished  in  the  following  manner.  The  sector 
portion  of  the  instruction  operand  is  shifted  into  the  Operand  Channel  Buffer  Register.  Each  word  time 
this  leaner  is  decreased  by  one,  thus  it  is  used  to  terminate  the  operation  after  the  end  of  (s  I  I  ]  )  +1 
word  times. 

During  the  first  word  time  of  the  Single  Character  Output  Operation  the  circulation  loop  of  the 
Accumulator  is  extended  to  include  four  flip-flop’s  of  the  Operand  Channel  Buffer  Register:  Cj,  C-., 

C3,  Cj.  This  causes  the  four  mas*  significant  bits  of  the  Accumulator  to  be  left  drifted  into  these  C 
flip-flops.  Parity  is  indicated  by  the  J  fl'p-flop  by  “zero”  setting  it  at  the  beginning  of  the  operation 
and  allowing  it  to  toggle  as  each  “l”  is  drifted  into  the  flip-flop. 

The  parity  (J),  and  output  (C4.  Cy  C->,  C.)  is  presented  on  the  output  lines  through  Scl 
respectively  with  the  occurrence  of  each  Scy  timing  pulse. 

Split  Compare  vnd  Un~.it  (c*?t.  State  c-0  initiates  the  Split  Compare  and  Limit  Operation  in  which 
the  spin -word  contents  of  the  Accumulator  is  compared  with  the  corresponding  bits  of  a  word  in  memory. 
The  memory  word  is  specified  in  tlic  operand  of  the  SCL  instruction.  If  the  contents  of  the  memory  word 
is  greater  than  that  of  A,  no  dunces  arc  nude  If  the  split  word  portion  of  A  is  positive  and  greater 
than  tie  corresponding  part  of  titc  memory  word,  the  split  memory  word  replaces  the  split-word  of  A. 

If  the  quantity  in  memory  is  less  than  the  corresponding  part  of  A  and  llut  half-word  of  A  is 
oegathe.  the  two's  complement  of  the  memory  half-word  replaces  the  Accumulator  half  word. 

y-,vtiplv  (c411.  The  Multiply  Operation  is  initiated  by  state  c-H.  Pic  operation  causes  the  eon- 
rents  e>f  the  Accumulator  to  be  moved  to  the  Lower  Accumulator  and  the  product  of  the  Accumulator 


GE/EE/72S-2 


and  memory  contents  spe  rifled  by  the  MPY  operand  is  placed  in  the  Accumulator. 

Split  Multiply  (c42>.  State  c42  initiates  the  Split  Multiply  Operation.  This  operation  is  similar 
to  the  Multiply  operation  except  the  left  half-word  of  A  goes  into  the  right  half-word  of  L.  The 
split  words  of  the  Accumulator  and  the  memory  word  specified  by  o  I  are  multiplied  and  stored 
in  Uk-  respective  split  woris  of  tlie  Accumulator. 

Split  Multiply  Modi  Med  (c431.  Split  Multiply  Modified  is  an  operation  which  causes  the  three 
least  significant  bits  of  the  Channel  Buffer  Register  to  be  replaced  by  the  “exclusive  or  “  of  those 
Inis  and  the  contents  of  the  Phase  register.  The  operation  then  proceeds  as  a  Split  Multiply  operation. 
Split  Multiply  Modified  commands  allow  the  computer  program  to  vary  the  effective  operand  channel 
address  depending  upon  the  Phase  register  contents. 

Multiply  Modified  (c  14).  State  c44  initiates  the  Multiply  Modified  operation  which  causes  the 
three  least  significant  bits  of  the  Channel  Buffer  Register  to  be  changed  by  an  “exclusive  or”  operation 
with  the  Phase  Register.  After  the  above  modification  a  multiply  operation  is  accomplished  as  de¬ 
scribed  in  state  c41.  It  is  noteworthy  that  this  operation  does  not  chance  the  original  multiply  in¬ 
struction  in  memory. 

State  Description  Summary. 

In  the  above  state  description  of  the  D-17B  the  various  configurations  of  control  fiip-flops  were 
used  to  define  states  of  the  computer.  These  state  definitions  are  not  unique  and  many  other  sets  of 
flip-flop  combinations  may  be  used  to  describe  the  machine  operation.  For  example  a  state  description 
might  be  formed  using  only  the  K,  D.  and  E  flip-flops.  The  states  described  in  this  report  were  chosen 
because  they  could  be  given  names  that  correlate  with  other  publislied  information  about  the  D-17B. 
Hopefully,  this  type  of  description  will  be  an  aid  not  only  in  understanding  the  operations  of  the 
machine,  but  also  in  maintaining  it.  For  example,  the  “slate"  of  an  inoperable  machine  may  be  de¬ 
termined  by  checking  the  status  of  tlte  control  flip-flops.  Once  tire  state  is  identified,  the  malfunction¬ 
ing  circuit  may  become  apparent  by  considering  which  flip-flop  is  preventing  normal  state  transition. 

Other  Techniques  of  Describing  the  T-17B 

One  description  of  the  U-17B  that  was  used  in  the  original  documentation  describes  the  machine 
in  terms  of  modes  of  operation  (Ref  11:25-27.  T12.  TR15:  Ref  16:  5-17 2  -  5-1S4).  The  term  mode 
could  be  defined  as  the  type  of  operation  that  the  computer  may  perform.  The  machine  then  has  two 
basic  modes,  “compute"  and‘n  on-computc".  Compute  operation?  arc  related  to  the  actual  performance 
of  an  instruction  and  tlie  non-compute  mode  involves  operations  such  as  synchronization  and  reading 
instructions.  These  modes  arc  further  subdivided  by  the  states  of  the  D  and  E  flip-flops  (Ref  1 1:25). 
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The  slate  description  in  the  previous  section  was  patterned  using  this  subdivision  of  modes  (submodes). 
Veitch  Diagrams.  These  submodes  may  be  conveniently  represented  on  a  veitch  diagram  as  shown  in 
Figs.  14  and  IS.  This  typr  of  representation  has  the  advantage  of  being  compact:  however,  it  does  lack 
the  facility  for  presenting  .he  detail  that  is  possdiie  using  a  state  description  and  the  associated  register 
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HI.  INITIAL  PREPARATION  OF  D-17B  COMPUTER 


One  remarkable  specification  of  the  D-17B  computer  system  is  a  predicted  S3  yean  mean  time 
between  failure  (Ref  7 :  Table  I ).  This  reliability  estimation  applies  to  a  packaged  control  assembly 
that  functioned  in  a  controlled  environment.  Since  many  of  the  protective  features  of  the  designed 
missile  environment  have  been  removed,  an  unpackaged  D-17B  computer  is  easily  damaged.  To  prevent 
damaging  the  system  a  well-planned  installation  procedure  should  be  ased. 

'  This  part  of  the  report  describes  a  process  that  could  be  used  to  unpack  the  computer  and  to 
determine  if  it  is  operable.  The  process  can  be  divided  into  three  phases:  1)  preparation  for  power 
on,  2)  initial  power  on.  and  3)  fabrication  of  a  cooling  system. 

Preparation  for  Power  On 

The  D-17B  can  be  uncrated  and  prepared  for  the  initial  power-on  checks  in  four  to  six  days: 
however,  since  the  system  is  easily  damaged  it  is  not  recommended  that  this  step  be  hastily  completed 
(Ref  7:3). 

The  tools  required  for  this  procedure  are:  a  7/16  inch  socket  and  sachet  drive,  a  5/16-inch  12-point 
socket,  an  18-inch  speed  handle  socket  drive,  an  Ampex  no.  212-8  screwdriver  bit,  and  electrical  insulating 
tope. 

Uncrating.  The  D-17B  computer  is  shipped  in  a  wooden  crate.  The  top  and  ail  four  sides  of  this 
crate  should  be  removed,  allowing  access  to  the  truncated  cone-shaped  computer  housing.  This  black 
missile  section  is  fastened  to  the  base  of  the  computer  by  eighteen  7/!6-inch  hex  bolts.  A  100-pin 
umbilical  connector  may  be  attached  to  the  side  of  the  missile  section.  Hie  umbilical  connector  is 
8  inches  in  diameter  and  is  easily  located.  It  should  be  disconnected  from  the  missile  section  first  to 
prevent  sttessing  the  wires  that  attach  it  to  the  computer.  The  7/16-inch  bolts  should  be  removed 
and  stored.  When  the  last  bolls  are  removed  from  tiic  missile  section,  the  D-)7  will  drop  approximately 
one-half  inch  onto  the  bottom  of  the  shipping  crate.  This  will  allow  tlic  missile  section  to  be  lifted 
free  of  the  computer.  The  missile  section  could  be  used  as  a  stand  for  the  computer,  as  will  be  dis¬ 
cussed  later.  Therefore,  it  should  not  be  discarded. 

Free  lead  Wire  Insulation.  Once  the  missile  section  has  been  removed  the  computer  and  power 
supply  sections  may  be  observed.  At  ibis  time  it  is  advantageous  to  note  that  the  cables  and  wire 
bundles  that  interconnect  the  different  sections  of  the  computer  are  easily  broken  and  should  be  twisted 
or  handled  as  little  as  possible. 

In  order  to  secure  the  cables  that  arc  on  the  underside  of  the  circular  mounting-frame  the  computer 
should  be  placed  between  two  tables  in  such  a  way  that  the  circular  mounting-frame  partially  rests  on 
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each  tabic  but  does  not  rest  on  one  of  the  wire  bundles,  fn  this  position  the  nine  loose  wires  that  were 
initially  part  of  the  missile  battery  system  may  be  insulated  and  tico  to  the  mounting  frame. 

The  top  of  the  computer  is  covered  with  a  white  dome  (coolie  hat)  that  has  a  four-inch  circular 
hole  in  its  center.  This  dome  was  used  in  the  original  system  to  hold  a  blower  fan.  This  dome  should 
be  removed  and  -the  loose  leads  to  the  original  blower  motor  should  be  insulated.  Do  not  discard  the 
dome,  as  it  may  be  used  as  part  of  the  new  cooling  system. 

Denning  a  Locating  System.  From  a  top  view  the  D-17B  computer  system  may  be  described  as 
a  rectangular  polygon  with  twelve  sides  ,  as  shown  in  Figure  16.  On;  half  of  this  polygon  consists  of 
power  supplies  and  the  other  half  is  the  actual  D-17B  computer  hard*vare.  These  two  halves  may  be 
distinguished  by  the  following  features:  the  panels  covering  the  power  supplies  arc  held  in  place  by 
bolts  with  heads  that  are  the  shape  of  a  5/16”-12  point  socket,  panels  covering  the  computer  hardware 
are  attached  with  screws  that  have  Phillips-type  heads  (the  screws  are  not  true  Phillips  heads;  they  are 
best  removed  with  an  Ampex  no.  212-8  screwdriver  bit).  In  order  to  locate  each  section  of  the  com¬ 
puter.  the  sections  of  the  computer  hardware  side  wilt  be  identified  by  a  number  from  1-6  in  clockwise 
fashicn.  Similarly,  the  power  supply  half  will  be  identified  by  the  numbers  7-12  in  clockwise  fashion. 

Using  this  system,  the  memory  is  located  at  the  intersection  of  sections  1  and  2,  and  the  100-pin 
umbilical  connector  is  at  the  intersection  of  sections  9  and  10. 

Mcinorv  Desiccant.  The  clearances  between  moving  parts  of  the  D-17B  memory  are  in  the  order  of 
a  few  microns.  To  prevent  moisture  contamination,  the  memory  has  been  equipped  with  a  dcssicating 
filter  that  is  used  when  it  is  operated  in  the  open  atmosphere  (originally  the  computer  system  operated 
in  an  inert  gas  atmosphere).  Tim  filter  «  a  plastic  circular  cylinder  approximately  three-fourths  inch 
in  diameter  and  three  inches  long  that  screws  into  the  front  memory  cover.  Tlic  end  of  tlie  filter  may 
be  covered  with  a  plastic  cap  which  should  be  removed  during  operation  of  the  memory. 

If  the  indicator  paper  strip  inside  the  filter  is  pink,  tlie  filter  should  be  replaced  or  the  desiccant 
may  be  dried  in  an  oven  and  rc-used.  if  the  filter  is  removed  to  dty  the  desiccant,  the  filter  port  in 
the  memory  should  be  taped  to  lessen  the  chances  of  moisture  contamination. 

Removal  of  Inertial  Reference  Platform.  The  missile  guidance  gyros  were  removed  wl.cn  the  system 
was  declassified.  Hie  remaining  parts  of  the  inertial  reference  platform  may  be  removed,  thus  allowing 
full  access  to  the  inside  of  the  toroid  formed  by  the  D-17B  computer  and  power  supply  sections.  The 
gyro  assembly  is  electrically  connected  to  the  computer  through  three  plugs.  J-19,  J-20,  J-2I,  that  arc 
on  the  bottom  of  -action  2  (section  positions  arc  described  in  the  above  paragraph).  The  plugs  should 
be  disconnected. 

Viewing  the  inside  of  the  computer  from  the  top.  one  may  observe  three  concentric  rings  of  screws 
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Fig.  16  Location  system  used  in  check  out  procedures  for  the  D-l  B  Computer. 
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on  the  computer  base.  The  two  outside  rings  attach  a  copper-colored  heat  exchanger  to  the  computer 
base.  The  inside  ring  consists  of  eighteen  screws  that  attach  the  inertial  reference  platform  to  the  computer. 
These  screws  are  slotted  for  an  Ampex  no.  212-8  screwdriver  bit  (if  '.his  tool,  is  not  available  a  Phillips 
screwdriver  may  be  modified  to  fa  the  head).  Remove  the  screws  holding  the  inertial  reference  platform. 
Care  should  be  taken  to  preclude  damage  to  the  inside  of  the  computer  when  these  screws  are  removed. 

Now  the  inertial  reference  platform  may  be  lifted  free  of  the  computer  base. 

Once  the  menial  reference,  platform  lias  been  removed  from  the  computer,  the  inside  of  the  computer 
should  be  inspected  for  loose  wires  or  foreign  objects  that  may  cause  a  short-circuit  on  the  exposed 
circuit-board  terminals. 

Preparation  of  External  Plug  Connectors.  It  is  advantageous  at  this  point  in  the  preparation  process 
to  disconnect  and  secure  the  external  plugs  that  will  be  used  for  input/output  and  checkout  of  the 
computer.  These  {dugs  are  Jl,  J2,  J3,  and  J4.  Plug  J1  is  the  100-pin  umbilical  connector  located  be¬ 
tween  sections  9  and  10.  In  the  original  sy  stem,  computer  failure  was  occasionally  caused  by  twisting 
the  wire  bundle  that  is  connected  to  plug  Jl:  therefore,  this  plug  should  be  secured  with  a  sturdy  bracket 
to  the  computer  mounting  base  and  the  computer  sides. 

Plugs  J2  and  J4  are  circular,  approximately  one  inch  in  diameter,  and  aie  located  at  the  intersec¬ 
tion  of  sections  7  and  8.  These  plugs  are  mounted  to  the  frame  of  the  computer  base  facing  downward . 

To  facilitate  access  to  the  plug  pins,  the  plugs  may  be  detached  from  the  base  and  carefully  lifted  free 
of  the  mounting  holes. 

Plug  J3  is  a  23  inch  by  4  inch  rectangular  plug  located  on  the  underside  of  the  computer  frame. 

J3  may  be  easily  located  since  the  wire  bundle  connecting  it  to  the  computer  wiring  harness  is  formed 
directly  below  the  main  100-pin  umbilical  connector,  Jl.  The  wire  bundle  associated  with  J3  should  be 
tied  to  the  underside  of  the  computer  so  that  the  computer  frame  does  not  rest  on  the  wires.  J3  should 
be  securely  mounted  for  easy  access  (one  possibility  is  suggested  in  the  following  section). 

Conversion  of  Mhsflc  Section  to  a  Computer  Stand.  The  truncated  cone-shaped  missile  section 
which  originally  housed  the  D-57B  may  be  converted  to  a  computer  stand.  This  method  offers  the 
advantage  of  a  hollow  stand  which  will  allow  access  to  the  underside  of  the  computer  base.  Also 
plug  J3  may  be  securely  mounted  in  the  inch  hole  in  the  side  of  the  converted  stand. 

If  the  computer  housing  is  to  be  used  as  a  stand,  turn  it  upside  down  (sn-all  end  down).  The 
holes  around  tlic  larger  end  of  the  proposed  stand  must  be  reamed  in  a  manner  such  tlwt  the  7/ 16-inch  bolts 
may  be  inserted  from  the  outside  at  a  10  decree  downward  angle  from  tire  horizontal.  The  computer  may 
then  be  positioned  in  thi  stand  and  die  7/16  inch  licx  bolts  that  were  stored  during  the  uncrating  process 
may  be  used  to  secure  tie  computer  to  rite  new  stand. 
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Initial  Power  on  Checks 

Power  may  be  applied  to  the  computer  at  this  point  in  the  conversion  procedure  to  determine  if 
the  memory  motor  and  power  supplies  are  operable. 

External  Power  Sunnlv.  Since  an  internal  power  supply  is  part  of  the  navigational  system,  it  is 
necessajy  only  to  supply  28  VDC  from  an  external  source  to  perate  Ue  D-I7B.  This  source  should  be 
regulated  and  capable  of  supplying  a  25  amp  surge  current  and  19-20  amps  continuously. 

Power  terminals  for  the  computer  are  located  on  the  computer  mounting  frame  at  section  12. 

The  terminals  are  numbered  El,  E2,  E3,  and  E4  from  left  to  right;  thus,  El  is  the  nearest  terminal  to 
the  computer  memory. 

Connect  the  power  supply  positive  terminal  to  terminal  E2  on  t.ie  computer  mounting  frame  and 
connect  the  negative  terminal  to  E3  (Ref  2:4).  (Use  connecting  wire  capable  of  carrying  25  amps). 

Initial  Power  Application.  Power  application  to  the  computer  system  without  cooling  should  be 
limited  to  short  periods  of  two  minutes  or  less.  In  all  cases,  once  power  has  been  turned  off,  it  should 
remain  off  for  at  least  40  seconds.  This  procedure  is  recommended  to  insure  that  the  memory  disk  has 
stopped  turning  prior  to  rcappHcation  of  power.  If  the  did;  is  turning  when  power  is  applied,  permanent 
damage  may  result  (Ref  16:5-70). 

*  The  input  current  to  the  computer  system  should  be  monitored  at  least  during  the  initial  power 
check.  Tlris  initial  power  check  provides  the  opportunity  to  check  the  28  v,  400  hz,  3-phase  power 
supply  which  drives  the  memory  motor.  A  convenient  test  point  for  the  400  hz  supply  is  the  fan  leads 
on  the  upper  part  of  the  D-I7B.  These  leads  are  easily  located,  since  they  are  attached  to  the  inner 
side  of  the  computer  at  the  intersection  of  sections  I!  and  12.  Figure  17  shows  the  wave  form  of  one 
phase  of  this  three-phase  supply  on  an  oscilloscope. 

The  other  secondary  direct  current  power  supplies  may  be  checked  at  this  tune.  The  test  point 
locations,  voltages,  and  tolerances  are  listed  in  Table  II.  To  avoid  damaging  the  system  it  is  recommended 
that  a  meter  with  a  high  input  impedance,  such  as  an  oscilloscope,  be  used  to  check  these  supplies. 

When  power  is  applied,  the  input  current  should  rise  quickly  to  22-25  amps,  then  drop  to  17-19 
amps  within  five  seconds.  Hie  hum  of  the  400  hz  power  supply  should  be  audible  and  the  sound  of 
the  memory  motor  starting  may  be  heard.  If  the  input  current  does  not  drop  below  20  amps  within 
five  to  ten  seconds,  the  memory  motor  may  no:  be  turning.  In  this  case,  the  windings  of  the  memory 
motor  will  be  drawing  starting  value  current.  If  the  memory  is  not  turning  and  the  28  v.  400  hz  power 
supply  is  operating,  power  should  be  removed  from  the  system  immediately.  1:  is  not  recommended 
that  any  internal  repairs  be  attempted  to  a  memory  without  consulting  qualified  technicians. 
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Oscilloscope  Settings 

Input  Selector  -  DC 
Time  S?.se  -  1  millisec/cm 
Amplitude  -  lCv/cs 
0  volts  -  lottos  Grid 
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Some  memory  repiir  and  modification  procedures  are  being  prepared  by  the  Minuteman  Computer 
Users’  Group.  These  procedures  have  not  been  tested  on  the  computer  at  AF1T. 

Preparation  of  Cooling  Svstem 

The  navigational  y.^tem  in  the  Minuteman  missile  was  cooled  using  a  closed  circulating  air  system 
to  cool  most  of  the  logic  networks,  power  supplies  and  memory.  A  liquid  coolant  was  circulated 
through  the  power  supply  and  memory  heat  sinks  and  through  the  circular  heat-exchanger  on  top  of 
the  supporting  base.  Therefore,  the  liquid  coolant  served  two  purposes:  it  removed  heat  energy  from 
the  enclosed  navigational  system  and  it  partially  cooled  the  memory  and  power  supplies. 

An  exclusively’  air-cooled  system  is  economically  advantageous  for  utilizing  the  D-17B  in  the  lab¬ 
oratory.  The  cooling  system  described  in  this  report  requires  some  minor  modifications  of  the  compute; 
supporting  base;  however,  it  is  constructed  utilizing  inexpensive  fans  and  will  allow  continuous  computer 
operation  with  ambient  air  temperatures  of  up  to  85°F.  (see  Fig.  IS).  A  2  1/2-inch  hole  saw  is  the 
only  special  equipment  used  to  modify  the  computer  base. 

Coding  Svstem  General  Description,  The  cooling  scheme  of  this  system  is  to  force  ambient  air 
through  the  computer  from  the  top  and  from  the  lower  side  panel  covering  the  memory’  (sections  1 
and  2).  Air  forced  into  these  two  points  will  exhaust  at  the  bottom  of  the  computer  and  power  supply. 
The  computer  base  restricts  the  exhausting  air  flow,  thus,  holes  must  be  cut  in  the  base  under  the  sections 
which  require  more  cooling  air. 

Modification  of  Computer  Base.  Sections  2, 1,  12,  and  11  contain  the  memory  3nd  power  supplies 
and  require  more  cooling  than  the  other  sections.  Exhaust  port'  should  be  cut  under  these  sections 
using  the  procedures  described  below. 

There  are  seven  main  supporting  beams  on  the  computer  base  between  the  left  side  of  section  2 
and  the  right  side  of  section  11.  For  descriptive  purposes  in  this  topic  only,  these  seven  supporting 
beams  will  be  designated  with  the  letters  A  through  G.  Thus,  beam  A  is  at  the  intersection  of  sections 
2  and  3  and  beam  G  is  at  the  intersection  of  sections  10  and  1 1,  as  shown  in  Fig.  19. 

Using  a  2  1/2-inch  hole  saw,  cut  holes  in  the  side  of  the  computer  mounting  frame  between  beams 
A  and  B,  B  and  C,  C  and  D  (see  Fig.  19).  These  three  holes  are  in  the  side  of  the  mounting  frame 
directly  in  front  of  the  memory.  Continuously  vacuum  the  filings  from  tills  cutting  process  to  prevent 
them  from  shorting  the  electrical  components. 

From  the  underside,  cut  two  holes  2  1/2-inchcs  in  diameter  between  each  beam  A  tluough  G. 

Thus,  there  will  be  twelve  holes  in  the  bottom  of  the  mounting  base;  two  holes  radially  aligned  between 
each  of  the  seven  beams.  Under  sections  1 1  and  12  there  is  a  magnesium  supporting  brace  which  may 


6‘> 


GE/EE/72S-2 


hinder  the  hole  cutting  process.  This  brace  may  be  pulled  free  of  the  computer  base  using  vice-grip 
pliers. 

Memory  -blowers.  Tire  fide  panel  covering  sections  1  and  2  is  drided  into  two  parts.  The  top 
half  covers  the  memory  read  and  write  amplifiers  and  the  bottom  half  covers  the  memory.  The  densely 
packed  components  in  the  read  and  write  amplifier  section  prevent  sufficient  cooling  air  from  reaching 
the  memory  from  the  top  o'  the  computer.  To  alleviate  the  problem  the  bottom  half  of  the  side  panel 
should  be  replaced  with  a  metal  cover  and  a  blower  should  be  histailc':  m  each  side  of  the  memory. 
These  fans  should  have  an  output  of  at  least  35  cubic  feet  per  minute  it  zero  indies  of  water  static 
pressure.  Since  die  memory  is  the  single  critical  part  of  the  D-17B,  it  «as  decided  to  use  two  fans  for 
added  protection  and  to  prevent  dead  air  flow'  spots  on  the  memory  cooling  fins. 

Main  Blower  Fan.  A  manifold  was  used  to  direct  cooling  air  intr  each  section  of  the  D-17B  when 
maintenance  was  performed  on  the  original  system.  The  use  of  a  manifold  was  abandoned  in  this  project 
because  manifolds  are  expensive  to  construct  and  rcauire  fans  capable  of  high  output  pressure.  A  system 
which  allowed  die  use  of  a  standard  fan  which  is  normally  used  to  cool  electronic  equipment  racks  was 
chosen. 

To  implement  this  system  it  is  necessary  to  cover  the  top  of  the  computer  without  covering  the 
inlets  to  sections  that  house  the  electrical  components.  The  white  dome  (coolie  hat)  which  initially 
covered  rhe  computer  top  may  be  used  for  this  purpose.  Cover  die  3  3/4-inch  hole  on  this  dome  and 
place  it  upside-down  (concave  side  up)  on  the  computer  top.  Using  this  arrangement,  the  dome  sits  in 
the  cavity  formed  by  the  computer  and  t  »wcr  supply  and  prevents  ah  from  flowing  into  this  cavity. 

The  next  step  is  to  construct  a  collar  to  fit  around  die  outside  of  the  twelve-sided  polygon 
formed  by  the  computer  and  power  supply  sections.  7  his  collar  should  be  at  ieast  6  inches  high  am!  may 
be  secured  to  the  computer  system  using  the  screws  tiiat  attach  the  top  of  the  panels  which  cover  each 
of  the  computer  sections  as  shown  in  Fig.  20. 

The  final  step  is  to  construct  a  top  cover  for  die  computer  system  that  will  support  the  top 
blower  fan.  A  number  of  different  fans  may  fee  used.  The  fan  shown  in  Fig.  20  is  a  fan  that  war 
originally  used  to  cool  an  ''lectronic  equipment  rack.  Publications  from  the  Minutcman  Computer 
Users'  Group  have  suggested  the  use  of  two  6- inch  fans  in  tliis  top  (Ref  12:20)'.  A  system  of  this  type, 
as  shown  in  Fig.  2},  was  found  to  bo  preferable  because  of  the  lower  noise  level.  Tlic  fans  that  are 
used  should  be  capable  of  an  output  of  at  uast  350  cubic  feet  pet  minute  at  0  inches  backpressure. 

The  temperature  data  and  specifications  provided  in  this  report  came  from  two  separate  computer 
systems  and  the  cooling  cliaracteiistics  were  nearly  identical.  However,  since  there  is  a  possibility  that 
other  cooling  systems  may  be  constructed  differently  than  tfic  one  described  or  die  cooling  characteristics 
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of  different  computers  ma.*  vary,  it  is  recommended  that  the  memory  and  power  supply  temperatures 
be  monitored.  A  temperature  sensing  device  which  may  be  used  for  this  purpose  is  shown  in  Appendix  11. 
This  circuit  dso  includes  a  scheme  for  monitoring  the  external  28  VDC  power  supply. 

The  memory  test  point  is  the  side  coding  tins  and  the  power  supply  test  point  is  the  heat  sink 
associated  with  power  transistor  Q1  on  power  supply  board  A*19.  This  heat  sink  is  located  in  the 
center  of  section  12. 

Computer  Checkout 

Once  power  has  brsn  applied  to  the  D-17B  and  a  coding  system  has  been  developed,  checks 
may  be  made  to  determine  the  status  of  the  logic  networks.  The  checks  that  are  described  in  this 
section  are  divided  into  two  parts:  first,  tests  that  require  no  control  panel  are  discussed:  then,  a 
more  extended  check  which  requires  control  and  dat2  entry  capabOity  is  considered.  Construction  of 
a  centred  panel  and  input  output  devices  is  covered  in  AF1T  theses  G E/EE/72-3  and  GE/EE/72;  that 
effort  will  nto  be  duplicated  in  this  report. 

Waveshapes  shown  in  this  section  were  photographed  from  an  operable  computer  using  an 
oscilloscope  with  a  shielded  input  cable.  An  isolation  transformer  should  be  used  in  the  oscilloscope 
power  cable  to  prevent  accidentally  shorting  the  D-17B  circuits  tlirough  the  ground  lead  of  the  scope. 

Test  point  locations  are  included  in  Appendix  B  and  arc  listed  alphabetically  by  functional 
designation.  For  example,  the  system  clock  is  listed  under  the  function  “clock”  and  one  suitable 
test  point  is  plug  J3,  pin  47. 

Tests  Using  No  Control  Panel. 

When  power  is  applied  to  the  computer  the  controlling  flip-flops  will  be  activated  in  a  random 
state  (a  more  complete  discussion  of  states  is  given  in  “State  Description”)  and  the  logic  networks  are 
not  synchronized  with  the  rotating  disk  memory.  Even  though  the  machine  b  operating  in  tlus  unde¬ 
fined  state,  some  indication  of  its  operational  status  may  be  determined. 

System  Clock  Waveforms.  The  system  clock  may  be  observed  as  shown  in  Fig.  22.  Tlte  exbtencc 
of  the  dock  signal  indicates  that  the  memory  b  turning  and  tltat  information  can  be  read  from  it.  If 
the  dock  frequency  b  345.6  kllz  the  memory  b  turning  at  tlte  required  6000  revolutions  p  *  min. 

The  dock  pulse  should  haw  the  following  specification:  True  level  b  -10.7  -  h"  false  level 
measured  on  the  flat  portion  of  (lie  waveform  b  -I.S  -  0.4v.  At  a  -3  volt  level  the  pulse  width  should 
be  0.52  -  0.07  micro-seconds  and  the  overshoot  above  the  O  volt  level  should  be  less  titan  0.1  micro¬ 
seconds  wide  and  less  titan  !.9v  (Ref  16:5-11.  5-12). 

Tests  Psinc  a  Control  Panel  M«»re  conclusions  about  the  computer's  operational  status  may 
be  made  aftci  a  control  pane!  has  been  constructed.  A  master  reset  signal.  Mf.  causes  the  computer  to 
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Clock 


Oscilloscope  Settings: 
Input  Selector  -  DC' 

Time  Ease  -  1  microsec/ca 
’  Amplitude  -  5v/cn 
0  volts  —Center  Grid 
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eater  a  defined  state  and  synchronization  of  the  computer  timing  c'rcuits  and  the  rotating  memory 
occurs .  (A  more  detailed  explanation  oi  this  action  is  covered  in  the  State  Description  of  the  machine  ). 

Bit  Counter  Wavcfo  ms.  Proper  response  from  the  Bit  Counte-s  flip-flops,  Bj  through  B6, 
indicates  that  synchronic  tion  between  the  rotating  disk  memory  at  d  the  bit  counter  circuits  has 
occurted.  These  responses  arc  shown  in  Fir..  5.  and  output  waveforms  for  Bj  and  Bg  are  show  in 
Fig.  23  and  Fig.  24.  “Tax”  level  of  ‘-.a  Mgiu!«  is  -8  to  -10  volts  :  t.i  “false”  is  0  volts.  Since  Bg  is 
“false”  or  0  volts  during  the  first  half  of  the  78.12  microsecond  wotd  time,  it  may  be  used  as  an 
external  synchronizing  pu  sc  for  the  oscilloscope  to  establish  a  time  reference  for  observing  the  other 
waveforms. 

Timing  Flip-flop  Waveforms.  The  states  of  tine  bit  counter  flip-flops  determine  the  states  of  the 
toning  flip-flops,  TQ,  Tx,  and  Tp.  The  output  waveforms  of  these  fl  p-flops  arc  similar:  therefore,  only 
Tp  is  shown  in  Fig.  25.  Note  that  the  “true”  level,  -lOv,  occurs  every  78.12  microseconds  (one  word 
time). 

hoop  Waveforms,  lhc  contents  of  the  loops  may  be  observed  by  monitoring  one  flip-flop  in 
the  loop.  For  example,  the  L  register  is  shown  in  Fig.  26.  This  figure  was  obtained  by  monitoring  the 
I-j  flip-flop  and  shows  a  “true”  pulse  for  bit  position  Lj.and  L^.  Using  this  procedure,  the  contents 
of  my  register  may  be  displayed  and  further  testing  of  the  machine  is  limited  only  by  the  ca*.  jility 
of  the  control  console  to  enter  commands  in  tire  computer. 

Summary 

Care  should  be  exercised  when  uncrating  and  testing  the  D-17B  computer.  Since  a  power  supply 
is  part  of  the  NSQ-10  navigational  s>stem.  only  a  28  VDC  external  power  source  :s  needed  to  operate 
the  computer.  Some  preliminary'  tests  may  be  made  without  a  cooling  system  to  insure  that  tire 
computer  is  operable.  An  inexpensive  forccd-air  cooling  system  may  be  constructed  frem  common 
laboratory  cooling  fans.  After  a  coolhtg  system  is  cons.ructcd,  more  detailed  testing  may  be  conducted 
by  observing  tire  signal  waveshape  of  tire  dock,  accumulator,  and  timing  pulses. 


Flip-Flop 

Oscilloscope  Settings: 
Input  Selector  -  DC 
Tice  3a s e  —  10  nicrosec 
Anplituds  -  5v/ca 
0  volts  -  Center  Grid 


23*  0-173  Bit  Counter,  save  for 


Tiding  Poise  Tn 

tr 

Oscilloscope  Settings: 
Input  Selector  -  DC 
Time  Base  —  10  microsec/ca 
Amplitude  -  5v/cn 
0  volts  -  center  grid 


Pig*  25*  D-173  Timing  Pulse 
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I*  Loop  -  Lx 

Oscilloscope  Settings: 

Input  Selector  -  DC 
Tine  Base  —  20  nicrosec/ca 
Amplitude  -  yv/cn 
0  volts  -  one  ca  from  Top  Grid 


Flip-flop  Output  Wave fora 
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IV.  Applications  of  the  D-17B  Computer 

Applications  for  any  minicomputer  are  widely  varied  and  determined  in  detail  by  the  specific 
user.  The  D-17B  computer  applications  are  presently  limited  by  the  «ize  of  the  memory,  speed  of 
execution  and  lack  of  software  programs.  These  undesirable  features  ue  offset  by  the  fact  that  the 
computer  is  inexpensive.  ha*  built-in  tircital-to-analog  converters,  and  two  sets  of  discrete  input  lines. 

Thus,  the  D-17B  is  suiteo  for  fixed  tasks  (and  not  general  purpost  computing)  where  its  capabilities 
can  be  used  to  full  advantage  (Ref  6.35). 

la  this  section  sorrv.  general  applications  wiB  be  presented.  These  techniques  will  provide  a 
starting  point  for  more  specific  applications  by  future  users  of  the  computer. 

General  Purpose  Incut  Bus  System 

The  discrete  inputs  may  be  used  to  input  data  from  a  peripheral  bus  system.  A  conceptual 
block  diagram  of  such  a  system  is  shown  in  Fig.  27.  This  system  uses  the  disaete  Y  inputs  to  input 
data  bits  directly  into  the  Accumulator  under  program  control.  Obviously,  the  system  could  easily  be 
extended  to  as  many  as  24  input  data  bits.  An  X  discrete  input  is  used  as  a  flag  line  to  indicate  peripheral 
ready  status  and  disaeted  output  lines  are  used  to  control  the  peripherals. 

Educational  Uses  of  the  D-17B 

A  control  panel  such  as  the  system  described  in  Ref  8  converts  the  D-17B  into  an  excellent 
“hands  on"  educational  computer.  This  system  allows  the  student  to  observe  the  states  of  computer 
registers  and  information  transfers  between  the  registers.  The  contents  of  memory  may  be  displayed 
with  this  system  and  machine  language  programming  may  be  taught  without  the  “turn-around  time" 
obstacles  tint  are  involved  with  Urea  data  processing  systems. 

The  input  bus  system  described  above  may  be  used  as  an  educational  tool  by  allowing  the  students 
to  breadboard  peripherals  and  input  data  to  exercise  software  programs. 

Laboratory’  Uses  of  the  D-17B 

In  the  laboratory,  an  analog-to-digital  converter  is  a  useful  input  device.  One  suggested  approach 
for  this  addition  is  to  use  the  A/D  converters  as  one  of  the  peripherals  of  the  data  bus  system  deserved 
above  (Ref  13).  This  suggestion  has  merit  since  the  A/D  converter  could  be  disconnected  easily  from  the 
computer  for  temporary  use  with  other  laboratory  projects. 

Once  the  ability  to  input  analog  cata  has  been  achieved,  many  applications  as  a  laboratory  control 
system  become  apparent.  Even  without  -tu'og  input  capability  the  system  may  be  used  as  an  open-loop 
control  system.  Analog  inputs  present  one  convenient  way  to  use  the  D- 1711  in  a  closed-loop  control 
system.  As  a  closed-loop  digital  control  system.  Uic  D-17B  can  be  employed  in  processes  such  as  numerical 
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control,  process  monitoring,  and  electronic  component  testing  (Ref  3:40).  Certainly  these  applications 
are  limited  by  the  speed  of  the  D-17B  input  operation  (approximately  78  micro  seconds).  However, 
one  must  consider  that  the  system  proposed  in  Ref  8  allows  for  the  simultaneous  input  of  two  12- 
bit  A/D  converters  of  three  8-bit  converters. 

Data  Collection  Capabilities  of  the  D-17B 

Several  D-17B  computers  may  be  used  with  peripiterals  such  as  an  A/D  converter  to  perform 
dedicated  tasks  such  as  data  collection.  Used  in  this  way  the  limitations  of  the  D-17B  may  be  cir¬ 
cumvented  for  the  following  reasons: 

1)  a -system  of  several  jo.npwters*lm  an  advattage  for  data  collectioi  in  remote  locations  since  a 
failure  of  one  system  would  no  result  ic  a  total  loss  (Ref  7:36). 

2)  Since  the  D-17B  would  be  performing  a  dedicated  task  such  as  collecting  a  single  type  of  data, 
its  effective  computing  speed  would  be  comparable  to  a  more  general  purpose  machine.  That  is, 
much  of  the  speed  of  faster  general  purpose  machines  is  lost  in  “housekeeping"  tasks  and  the  D-17B 
instruction  repertory  is  suited  for  this  type  of  operation  (Ref  7:36).  As  an  example,  the  D-17B  can 
collect  new  data  and  store  the  previous  data  input  with  a  single  flag  store  operation.  Also  the  character 
output  instruction  is  ideal  for  unpacking  data  since  four  bits  of  the  accumulator  can  be  output  with 
one  instruction  (Ref  7:36). 

3)  Using  several  computers  helps  overcome  the  small  memory  limitations  of  the  D-17B. 

4)  Such  a  system  would  be  inexpensive  because  A/D  converters  that  are  compatible  with  the  D-17B 
computing  speed  are  available  for  less  than  fifty  dollars  (Ref  13). 

Summary 

The  D-17B  is  capable  of  a  wide  variety  of  applications.  The  user  must  apply  the  computer  as  a 
dedicated  machine  to  make  up  for  its  relatively  slow'  speed,  small  memory’,  and  present  lack  of  hardware. 
These  limitations  are  offset  because  the  system  is  inexpensive,  dependable,  and  Iras  an  instruction  set 
which  is  designed  for  special  applications.  (Ref  7:35). 

The  number  of  applications  can  be  greatly  enhanced  by  adding  a  general  purpose  input  bus  to 
the  computer.  This  bus  system  used  in  conjunction  with  inexpensive  A/D  converters  tailor;  tire  D-17B 
for  uses  in  educational,  laboratory,  and  data  collection  applications. 
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Conclusions  and  Recommendation.; 

The  D-17B  computer  is  a  sturdy,  reliable  minicomputer;  howt  ver,  it  can  be  damaged  as  the  result 
of  an  improper  installation.  Since  the  computer  and  a  power  supply  are  attached  to  a  rigid  base,  it  is 
recommended  that  the  system  be  reconfigured  as  little  as  possible.  If  the  associated  navigatio’ial  system 
power  supply  is  utilized,  only  a  28vDC  power  supply  is  needed  for  D-17B  operation.  An  i', expensive 
forced-air  cooling  system  can  be  constructed  tliat  is  suitable  for  ope.ation  at  ambient  temperatures  up 
to  85°F.  During  the  course  of  this  study  it  was  found  that  this  cooiing  system  plan  requires  only 
minor  modifications  to  the  computer  base  and  is  the  best  approach  for  cooling  the  computer  at  normal 
room  temperatures. 

Documentation  concerning  the  software  and  applications  represents  a  task  for  future  endeavors. 
This  report  provides  a  state  description  cf  the  machine  that  should  be  useful  for  maintenance  as  well 
as  a  systematic  approach  for  studying  the  machine.  Other  documentation  is  being  provided  by  the 
Minuteman  Computer  Users’  Group  (Ref:5.6,7,12). 

A  complete  buffered  interface  system  would  greatly  aid  efforts  toward  future  applications  of  the 
computer.  If  the  system  dock,  bit  counter  flips  and  all  discrete  lines  were  buffered  and  made  available 
on  a  patch  panel,  experiments  with  other  hardware  devices  could  more  easily  be  carried  out. 

Some  of  these  experiments  might  entail  connecting  the  D-17B  to  a  TR-48  analog  computer  for 
a  “mini-hybrid-coniputer”  operation.  Initial  experiments  along  this  line  sould  suggest  using  the  D-I7B 
analog  outputs  to  generate  a  programmed  fraction  waveform. 

Any  number  of  proposals  might  be  suggested:  however,  they  would  simply  be  a  reiteration  of 
minicomputer  application  that  are  available  on  commercial  machines.  From  the  experience  of  this 
project  it  would  seem  tliat  a  complete  buffered  interface  would  be  the  key  to  ali  these  applications 
within  tire  bounds  of  the  speed  restriction  and  memory  capacity  of  the  D-i7B. 
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Appendix  A 

List  of  Terms  and  Abbreviation! 


A^  :  Cany,  bonow  and  misc.  flip-flop. 

Ap  :  “A”  register  extra  delay  flip-flop. 

Ax  :  “A”  register  read  flip-flop. 

Aj4  :  “A”  register  delay  flipflop. 

^23w  *  “A**  register  write  flipflop. 

B^.  B^,  64,  Bj,  B,,  B  j  :  .Bii  time  counter  -flip  flops. 

Cjjj,  Cj^,  C^,  Cb2.  Cbl  :  Operand  channel  buffer  register  and  word  time  counter  flip-flops. 

Cp5»  Cp4*  cp3- Cp2.  Cpj  :  Program  channel  register. 

C5,  C4,  C^.Cj,  C|  :  Operand  channel  storage  register  and  auxiliary  operation-code  storage  register. 
D-17B  :  Designation  of  the  computer  used  for  guidance  in  the  blinuteman !  missile. 

Dc  :  Shift  control  for  "Discrete  Output"  register. 

Ddc  :  Discrete  disable  signal  from  a  control  pane!  to  control  the  discrete  outputs. 

Dr  :  Gyro  malfunction  indicator  flipflop. 

D5,  D,..  D3.  Di,  Dj  :  “Discrete  Output"  register. 

D  :  Control  flip-flop. 

£  :  Control  flip-flop. 

E|nx  :  “E”  loop  intermediate  read  flipflop.  • 

Ejj  :  “E”  loop  end  read  flip-flop. 

Ep  :  “E"  loop  write  flip-flop. 

E^  :  Enable  write  signal  •  from  a  control  panel  •  enables  “cold  storage”  write  beads  in  memory. 
Fc  :  Fine-countdown-mode  indicator  flip-flop. 

Fp  :  “F”  loop  write  flip-flop. 

Fj  :  Also  Fxc  in  some  writings  -  signal  from  a  control  panel  that  directs  the  computer  to  enter  the 
prepare  to  fill  state. 

Fx  :  “F”  loop  read  flip-flop. 

Gj,  G2 ,  G|  :  Binary  Outputs  flip-flops. 

Up  :  “IP  loop  write  flip-flop. 

I*mx  :  “H”  loop  intermediate  read  flip-flop. 

11^  :  “H"  loop  end  read  flip-flop. 

Ic  :  “I”  register  interrupt  control  flip-flop. 
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Ij  :  “Instruction  Search'*  sector  disagreement  indicator  flip-flop. 

I-  :  Also  S^.  the  i*h  signal  input  to  the  computer  from  an  external  source  for  character  input, 
i  I,  5. 

(„£  :  Symbol  for  a  mechanical  input  signal  to  the  computer,  com-nand  to  enter  the  Wait  State. 

Ip  :  “I"  register  extra  delay  flip-flop. 

Ij  :  “I”  register  read  flip-flop. 

*24w  *  *****  rePster  write  flip-flop. 

J  :  ‘  Control  flip-flop. 

K  :  Conuol  flip-flop. 

Kj^  :  Hah  not  or  run  signal  from  a  control  console  -  directs  the  computer  to  enter  the  compute  slates. 

Kjy.  :  Run  not  or  halt  signal  from  a  control  console  -  directs  the  computer  to  enter  the  Non-Com pute 
states. 

Lc  :  “L”  register  interrupt  control  flip-flops. 

L{*  :  “L”  register  delay  flip-flop. 

Lp  :  “L”  register  extra  delay  flip-flop. 

Ljj  :  “L”  register  read  flip-flop. 

:  “L"  register  write  flip-flop. 

MpX  :  Memory  output  buffer  flip-flop. 

1^  :  Also  Mf  •  master  reset  signal  from  a  control  console,  initiates  the  computer  to  the  Prepare  to 
Operate  state. 

♦ 

Nc  :  “N"  register  interrupt  control  flip-flop. 

Njj  :  “Number  Search”  sector  disagreement  flip-flop. 

Np  :  “N”  register  extra  delay  flip-flop. 

Nx  :  “N"  register  read  flip-flop. 

N24w  :  *N”  register  twite  flip-flop. 

Ojjj,  0^2-  O51  :  Operation-Ccde-BufTcr  register. 

Oj.Oj,  Os,  Oj  :  Opcration-code-stongc  register. 

Pj,  Pj,  Pj  :  Phase  register. 

Q  :  Special  timing  flip-flop 

Rc  :  “R”  loop  interrupt  control  and  mode  control  flip-flop. 

Rp  :  “R"  loop  write  flip-flop. 

Rjj  :  “R”  loop  read  flip-flop. 

S  :  InfonnaUon  read  from  the  sector  track  of  (lie  D-I7B  computer  memory. 

Sjj3’  Sj,2*  ^bl  FlagCode  buffer  register. 
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Sj,  S2,  S|  :  “Rag-Code”  storage  register. 

Tc  :  Sprocket  timing  signal:  used  to  direct  the  computer  to  accept  character  inputs. 

T|  :  Bit  times  of  the  computer,  i  I , ....  24. 

Tq  :  “To  Time”  indicator  flip-flop. 

Tp  :  **Tp  Time’*  indicator  flip-flop. 

T*  :  “Tx  Tune”  indicator  flip-flop. 

Up  :  *U”  loop  write  flip-flop. 

Ux  :  “IT  loop  read  ilipflop. 

Vc  :  **V”  loop  Interrupt  control  and  state  control  flip-flop. 

Vp  :  "V”  loop  write  flip-flop. 

Vx  :  “V”  loop  read  flip-flop. 

Vjg,  Vj^.  — ,  Vjj  :  Voltage  output  register  number  3. 

Vjg.  V27,  V->j  :  Voltage  output  register  number  2. 

Vjg,  V,7.  Vjj  :  Voltage  output  register  number  1. 

0*1:  Symbolizes  that  the  flip-flop  named  Aj  is  set  to  a  logical  “zero’*  condition  or  “zero  set". 

jAj  :  Symbolizes  that  the  flip-flop  named  Aj  is  set  to  a  logical  “one”  condition  or  “one  set”. 

AJ' :  The  star  or  asterisk  indicates  an  external  signal  to  the  computer  that  has  been  changed  in  voltage 
level  but  hss  the  same  logical  meaning  as  the  sy  mbol  with  no  asterisk. 

A*  :  Prime  is  used  to  indicate  a  logical  "not”  when  A  is  a  logical  1,  A*  is  a  logical  0. 

Flip  -flop  names  and  some  definitions  in  this  list  were  taken  from  Ref  1:110-1 14. 


GE/EE/72S-2 


Appendix  B 

CgjtinjttfMi  and  Calibration  of  Temperature  Sensing  Equipment 

The  temperature  sensing  device  shown  here  is  a  modification  of  a  circuit'  from  Popular  Electronics 
magazine,  October  1969.  In  addition,  two  alarm  circuits  have  been  aided;  one  is  used  to  monitor  the 
28v  power  supply  output  and  the  other  alarm  is  used  to  monitor  the  computer  temperature.  A  wiring 
diagram  is  provided  in  Fig.  28  and  a  pans  list  is  provided  on  page  9;-. 

Calibration 

Temperature.  The  temperature  sensing  unit  way  be  calibrated  ty  using  the  following  procedures: 

(1)  Adjust  the  Balance  potentiometer,  R8,  until  the  temperature  readings  are  the 
same  when  the  Selector  switch,  SI,  is  in  either  the  "Memory”  or  ‘Tower  Supply” 
position. 

(2)  Adjust  the  "Low  Temp”  potentiometer  Rl  until  the  present  room  temperature 
is  indicated  on  the  meter.  Ml. 

(3)  Place  the  Sensitor ,  R7,  in  a  high  temperature  reference  oven.  (For  caUbration 
accurate  to  within  one  degree  F,  hold  the  sensitor  in  your  hand  and  use  body 
temperature  as  the  reference. 

(4)  With  switch  SI  in  the  “Memory”  position,  adjust  the  "High  Temp"  potentiometer. 
RS,  until  the  likh  reference  temperature  is  indicated  on  Mi. 

(5)  Repeat  steps  (2)  and  (4)  several  times  until  the  correct  temperatures  arc  indicated 
on  the  meter.  Ml,  without  adjustment. 

Temperature  Alatm.  The  temperature  alarm  light  may  be  adjusted  to  come  on  at  any  point 
using  the  folkwing  procedures: 

(1)  Switch  the  selector  switch,  SI.  to  the  “Power  Supply”  position.  The  temperature 
should  indicate  the  present  room  temperature.  Note  this  reading  and  then  adjust 

*  the  low  setting  potentiometer,  Rl,  until  the  desired  temperature  limit  is  indicated 

on  the  meter.  Ml. 

(2)  If  the  temperature  alarm  light  is  on,  adjust  the  “Temperature  Limit”  potentio¬ 
meter  RI2  until  the  temperature  alarm  light  just  goes  out. 

(3)  If  the  temperature  alarm  light  is  off  adjust  R12  until  it  just  comes  on. 

(4)  Adjust  Rl  until  the  present  room  temperature  that  was  noted  in  sicp(l)  is 
indicated  on  the  temperature  meter.  Ml. 
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Computer  Power  Alarm.  The  power  supply  alarm  can  be  adjusted  to  detect  an  overvoltage  of 
28.!  volts  and  an  undervoltage  of  27.9  volts.  Calibration  of  the  power  supply  alarm  circuit  is  accomplished 
as  follows: 

(1)  Adjust  the  undervoltage  potentiometer,  R22,  (low  Set)  for  maximum  voltage 
on  the  center  tap.  (clockwise). 

(2)  Adjust  the  overvoltage  potentiometer,  R18,  (Hijh  Set)  for  minimum  voltage  on 
.  the  center  top  (counter  clockwise).  At  this  tinx ,  the  Power  Supply  alarm  light, 

B2,  should  be  off. 

(3)  Adjust  R22  until  the  Power  Supply  Alarm  light  just  comes  on,  then  bars,  oft  the 
potentiometer  until  the  light  just  goes  out. 

(4)  Repeat  step  (3)  for  R18. 
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Farts  List  for  Temperature  Sensing  Network 

Al,  A2,  A3 

SN72558.  operational  amplifier 

B!.  B2 

6v,  40  milliainp  bulb 

Cl 

400u  farad.  ISv  electrolytic  capacitor 

C2,C3 

lOu  farad.  15v  capacitor 

D1 

1N4735, 6Jv.  1-watt  zener  diode 

D2 

1N400I  diode 

G1.G2.C3 

S7400  quad-dual  input  nand  ptes 

Ml 

0-1  mHliamp  meter.  50  ohm  max  resistance  (a  100  ohm  meter  may  be  used 
by  removing  R-17  and  hooking  the  input  to  Al  on  the  plus  side  of  Ml) 

R1 

ljOOO  ohm  potentiometer 

R2 

150  ohm,  1/2  watt  resistor 

R3 

100  ohm,  1/2  watt  resistor 

R4.R6 

470  ohm,  1/2  watt  resistor 

RS 

500  ohm  potentiometer 

R7.R9 

100  ohm,  10&  Sensistor 

R8L 

50  ohm  potentiometer 

RIO 

100  (dun.  1/2  watt  resistor 

R11.R14,  R15. 

• 

R16.R19.R20  - 

10  k  ohm,  1/4  watt  resistor 

0 

R12 

200  (dun  potentiometer 

R13 

15  k  ohm,  1/2  watt  r  ’or 

R17 

47  ohm,  1/2  wan  resistor 

R17,  R22 

10  k  ohm  potentiometer 

R2I 

4700  ohm,  1/2  watt  resistor 

R23,  R24,  R25  - 

10  meg  ohm,  1/4  watt  resistor 

R26.R27.R28  * 

3900  ohm,  1/4  watt  resistor 

SI 

Single  pull  single  throw  switch 

T1 

Filament  transformer,  6 3  volt  secondary 
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Wring  list  for  Che  D-17B  computer  (From  Ref  16:3-5  to  3-41) 

I 


C 
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